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The primary objective of the present study was to prepare 
some novel cyclic hydroxylamines and to study their chemical and 
pharmacological properties. Cyclic hydroxylamines have recently 
been shown to be metabolites of certain cyclic secondary amines. 
Little is known of their pharmacological properties. 

Reductive cyclization of three 4-(2-nitrobenzylidene) - 
1-phenyl-2-pyrazolin-5-ones by means of sodium borohydride and 
palladium-charcoal gave mainly spiro (1-hydroxyindoline) -2 ,4'- 
(1'-phenyl-1H-pyrazolin-5'-ones) and 4-(2-aminobenzyl)-1-phenyl-2- 
pyrazolin-5-ones; the proportion of each depended on the solvent 
system used. Reduction of the 4-(2-nitrobenzylidene)pyrazolones with 
sodium borohydride yielded the corresponding nitrobenzyl derivatives. 
These were reduced further with several reducing systems giving 
ig crent compounds including spiro(indoline)pyrazolones and pyrazolo- 
quinoline derivatives. 

A study of the chemical reactivity of the isolated spiro- 
(N-hydroxyindoline)pyrazolones was undertaken. This included their 
reduction to the corresponding indolines , oxidation to 2-H-indolenine 
l-oxide and reactions with nucleophilic reagents , in acid media, to 
form 5-substituted indoline derivatives. Acetylation and methylation 
gave N-acetyloxy and N-methyloxy derivatives and, in addition, some 
rearrangement products. Other rearrangements also occurred when 
attempts were made to benzoylate and sulfonate one of these spiro- 


N-hydroxyindolines. 
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Catalytic hydrogenation of the 4-(2-nitrobenzyl)pyrazolones 
in several solvents gave different and unexpected products which were 
found to be spiro(tetrahydroquinoline)pyrazolone derivatives. The 
solvent was involved in their formation, for which a mechanism is 
suggested. Eighteen of these compounds were also prepared by con- 
densation of 4-(2-aminobenzyl)-1-phenyl-2-pyrazolin-5-ones with 
appropriate aldehydes. 

A reinvestigation of the nature of the products obtained 
by sodium borohydride and palladium-charcoal reduction of two 4-(2- 
nitrophenylthio)-1 -phenyl-2-pyrazolin-5-ones has revealed that, 
contrary to literature reports, none of the products is a cyclic hydroxyl- 
amine. Instead, the products were found to be thiols which readily 
oxidized in air to spiro(benzothiazoline)pyrazolones,. Attempts to 
isolate N-hydroxy compounds by the reduction of the 4-(2-nitrophenyl- 
thio)pyrazolones using different reducing systems failed. 

Catalytic hydrogenation of the 4-(2-nitrophenylthio) - 
pyrazolones did not produce spiro(dihydrobenzothiazine)pyrazolone 
derivatives. However, the latter compounds were readily obtained 
by the action of aldehydes on 4-(2-aminophenylthio) -3-methyl-1-phenyl- 
2-pyrazolin-5-ones. 

The mass spectra of 1-hydroxy-2-phenyl-1 ,2-dihydro- 
pyridine and its O-benzoyl derivative as well as the mass spectra of 
three spiro(N-hydroxyindoline)pyrazolones , two O-acetyl derivatives 
and one O-methyl compound were recorded and interpreted. The 
N-hydroxy compounds demonstrated expulsions of OH radicals from 
the molecular ions. The loss of oxygen atoms and water molecules 


also occurred. The O-methyl compound showed an appreciable 
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expulsion of an OCH, radical from its molecular ion; (M-59)> and 
(M-60) in the O-acetyl derivatives are due presumably to direct losses 
of a CH,COO radical and a CH,COOH molecule from the molecular ions. 

Also, the mass spectra of six spiro(indoline)pyrazolones 
and two spiro(benzothiazoline)pyrazolones are discussed in detail. 

Their proposed fragmentations are substantiated by means of deuterium 
labelling and accurate mass measurements. All these compounds gave 
abundant molecular ions which fragmented mainly by the expulsions of 
CO and PhNCO molecules. Decomposition of the (M-CO) ions gave 
rise to many of the prominent fragments in the spectra. 

In addition to the above compounds, the mass spectra of 
four simple pyrazolones, including the medicinal compounds antipyrine 
and aminopyrine, were recorded and interpreted. All these spectra 
contained several ions resulting from initial N-N bond cleavages; such 
a fragmentation has not been reported to occur in the pyrazolone nucleus. 
Strong ions at m/e 56 were found in the spectra of antipyrine and 
aminopyrine and also in some other 2,3-dimethyl pyrazolone derivatives 
prepared in this study; this ion could be of diagnostic value. 

Some selected examples of the compounds prepared in 
this study, including two of the spiro(N-hydroxyindoline)pyrazolones 
were evaluated for neuroleptic and analgesic activity. The N-hydroxy- 
indolines had only very weak sedative properties (p.o. or i.p.) and 
no analgesic activity (p.o.) at dose levels examined. The corresponding 
spiro(indoline) pyrazolones showed some neuroleptic and analgesic 
properties while 4-(2-aminobenzyl)-3-methyl-1 -phenyl-2-pyrazolin-5- 


one showed mild hypnotic effects. 
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PREAMBLE 


The ultimate aim of the proposed research was the synthesis 
of novel cyclic hydroxylamines, a study of their chemical reactions 
and a preliminary investigation of their pharmacological properties. 
Information on cyclic hydroxylamines is scattered throughout the 
scientific literature but the topic has not been reviewed. Consequent- 
ly, it was considered necessary to compile a detailed review of the 
pertinent literature on these compounds and the introduction which 
follows is devoted entirely to this purpose. 

During the course of the research described in this thesis, 
compounds other than cyclic hydroxylamines were also prepared and 
characterized. Relevant literature information on these compounds 


is included in the discussion section of the thesis. 
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CG eG IEG HYDROXYLAMINES 


1. INTRODUCTION 


The structure of cyclic hydroxylamines (which will be also 
referred to as cyclic N-hydroxy compounds) may be represented as 
in (1). These compounds are disubstituted hydroxylamines (2) in 


which the N-hydroxy function is incorporated within a cyclic system. 
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(1) (2) (3) 
Although cyclic hydroxamic acids (3) are also cyclic N-hydroxy 
compounds, no attempt will be made to include them in the following 
discussion since they have recently been reviewed by several workers 
(Coutts, 1967; Bapat et al, 1969). 

Simple examples of cyclic hydroxylamines are N-hydroxy- 
pyrrolidine (4), N-hydroxypyrazoles (5) and N-hydroxyisoxazolidine 


(6) to which reference will be made later in this introduction. In 


(4) (5) (6) 
certain instances, cyclic N-hydroxy compounds exist in tautomeric 
equilibrium with a corresponding N-oxide (e.g. 7a <> 7b), and the 
presence of one or both of these tautomers is dependent on the 


overall nature of the molecule. Some aspects of this tautomerism 
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will be discussed in detail later. 

Until the beginning of the last decade, very little attention 
was paid to the chemistry and biochemistry of hydroxylamines. 
Recent studies have been generally confined to aromatic hydroxyl- 
amines especially those found to be metabolites of carcinogenic 
amines. A comprehensive review of the chemistry of aliphatic and 
aromatic hydroxylamines, which also included some cyclic hydroxyl- 
amines, was recently published by German authors (Zeeh and Metzger , 
1971). Also, Weisburger and Weisburger (1973) briefly summarized 
the chemistry of these compounds in their discussion which dealt 
mainly with the biochemical formation as well as pharmacological and 
toxicological properties of hydroxylamines and hydroxamic acids. 

Some reasons for studying the chemical and biological 
properties of cyclic hydroxylamines are now suggested: 

(a) More knowledge of the chemistry of these compounds is required 
in order to help understand the recent flood of biochemical studies in 
this area. N-hydroxylation, especially of free and N-acyl aromatic 
amines, is now a well recognized metabolic pathway (Irving, 1970; 
Weisburger and Weisburger, 1973). Like other hydroxylated 
metabolites , N-hydroxy derivatives are subject to further metabolic 
conversions such as conjugation with glucuronic, sulfuric and perhaps 


phosphoric acid, and reduction. The N-hydroxy metabolites are 
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often reactive and generally more toxic than their parent amines. In 
, vitro, they can combine as such, or after further reactions, with 
essential life supporting molecular species. Current studies suggest 
that metabolic N-hydroxylation of certain aromatic amines produces 
potentially carcinogenic (Miller, 1970; Gutmann et al, 1969), muta- 
genic (Miller and Miller , 1971) and nephrotoxic (Calder et al, 1973) 
products. 

Until recently , biochemical N-hydroxylation studies were 
mostly confined to aromatic amines especially those which demon- 
strated carcinogenic activity. .Some aliphatic amines were also 
studied but relatively little success was achieved in demonstrating 
N-hydroxylation. Beckett and Al-Sarraj (1972), however, showed 
that certain aliphatic amines do yield hydroxylamines , metabolically. 
So do secondary amines in which the nitrogen atom is a part of the 


ring system. Compounds based on the piperidine (8), morpholine (9) 
R R 


er 
N eae ¢ 
H H H 

(8) (9) (10) 
and piperazine (10) structures were found to be metabolized in vitro to 
the corresponding hydroxylamines. One of these, phenmetrazine (11) 


has been shown to oxidize to N-hydroxyphenmetrazine (12) in vivo in 


various animals. It was also shown (Beckett and Al-Sarraj, 1972) 
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that compounds structurally more complex than (8) also form hydroxyl- 
amines metabolically. For example, pipradol, normorphine, nor- 
codeine and nortriptyline are metabolized to their corresponding 
hydroxylamines. It is not yet known, however, whether metabolic 
N-hydroxylation of all these compounds increases toxicity or whether 
it is sometimes a detoxification reaction. 
(b) In addition to this flow of biochemical work, numerous reports on 
the pharmacological activity of cyclic N-hydroxy compounds have 
recently started to appear in the literature. Although studies in this 
area were limited and the early results were not outstanding (Johns 
and Major, 1927; Mamalis, 1971), recent studies describe diverse 
activities suchas analgesic , adrenolytic, tranquilizing , muscle 
relaxant, anticonvulsant, antimicrobial and antiprotozoal properties 
for this type of compound. 

Some &- and -1-alkoxy-3-methyl-4-phenyl-4-propion- 
oxypiperidines (13) were synthesized by Major and Dursch (1961) and 
examined for analgesic activity in rats. Two of these compounds 


(1335 R=CH, or CjHs) showed strong oral activity but also many toxic 


Ph OCOC,H, Hi 

CH 2 
: R 

Gl 
NV \ 
OR jel svar er 
(13) (14) 
manifestations. N-hydroxybenzodiazepine derivatives such as (14) 


have been screened for potential central nervous system (C.N.S.) 
depressant activity (Grindstedvaerket, 1967). Some related N -hydroxy- 
benzodiazepines were also evaluated as anticonvulsants (Hoffman- 


LaRoche, 1966). 
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The N-hydroxyindole derivatives (15) were found to possess 
C.N.S. depressant as well as adrenolytic activity (Petracek, 1967). 
N-alkyloxybenzimidazole derivatives (16) also showed C.N.S. depress- 
ant, muscle relaxant and tranquilizing properties (Ciba, 1966; 


DeStevens et al, 1967). A variety of related compounds such as 


CN # \oe 


(15) (16) 
O-ethers of 1-hydroxyindoles and 1-hydroxybenzimidazole 3-oxides 
were found to be generally less active than (16) (DeStevens et al, 1967). 
The antimicrobial properties of some O-ethers of 4,6- 
diamino-1 ,2-dihydro-1-hydroxy-1 ,3 ,5-triazines (17) were described 
by Mamalis et al (1965). These compounds were found to be active 
in vitro against a wide range of bacteria. Later investigations 


showed that these ethers possessed unexpected antimalarial properties 
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(17) 
even against resistant strains of Plasmodium berghei. A related 
bis-triazine ether also showed trypanocidal activity of a high order 
in mice (Mamalis, 1971). 
(c) The recent isolation of some derivatives of cyclic hydroxylamines 
from some plant and animal species demonstrated that these compounds 


exist in nature and stimulated further chemical and biological interest 
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in cyclic hydroxylamines. All compounds isolated are derivatives of 
indole. <A glucoside (18) which was named neoglucobrassicin was 


isolated from Brassica napus L. var. napobrassica (Gmelin and 


OCH 
(18) 
Virtanen, 1962). This glucoside was identified on the basis of 
products formed from enzyme cleavage, acid hydrolysis and hydro- 
genolysis with Raney nickel. 
Subsequently , a tryptamine alkaloid, 1-methoxy-3-(2- 

dimethylaminoethyl)indole (19) which was given the name lespedamine 
was isolated from the leaves of Lespedeza bicolor var. japonica 


(Morimoto and Oshio, 1965). <A related N-methoxyindole derivative 


CH CH 
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l 


OCH; OCH, 
(9) (20) 


identified as 1 ,5-dimethoxy-3-dimethylaminomethyl)indole (20) was 
found to be the major alkaloid in Gymnacranthera paniculata var. 
zippeliana, (Johns et al, 1967). Both (19) and (20) were identified 
by their spectra and by their ease of reduction to the corresponding 
amines (NH for N-OCH,). 

In addition to these plant products, chemical studies on 
luciferin, a crystalline substance isolated from the firefly, Cypridina 


hilgendorfii, indicated that it was an N-hydroxyindole derivative (21) 
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(Hirata et al, 1959; Shimomura, 1960). 
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2. PREPARATION OF CYCLIC HYDROXY LAMINES 


Cyclic hydroxylamines have been prepared by various 
methods from a variety of precursors. These methods are conveni- 
ently grouped together for discussion in the following sections: 

A) Preparation of cyclic hydroxylamines by direct N-oxidation of the 
corresponding amines. 

B) Reduction of cyclic nitrones 

C) Addition to cyclic nitrones 

D) Formation of cyclic hydroxylamines by reductive or non-reductive 
cyclization reactions. 


E) Miscellaneous preparations. 


(A) Direct N-Oxidation of Secondary Cyclic Amines: 

Reactions of this type are rarely used for the preparation 
of cyclic hydroxylamines, possibly due to the expected side reactions 
which might accompany the N-oxidation process. However, this 
method can be useful for the preparation of certain N-hydroxy 
compounds which might be difficult to obtain by other synthetic routes. 

In most of these reactions hydrogen peroxide is employed 


with or without a catalyst as the oxidizing agent. 1-Hydroxymorpho- 
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line (22) was obtained by the oxidation of morpholine with different 
concentrations of hydrogen peroxide but the yields were generally 
poor (Henry and Dehn, 1950; Blout et al, 1958; Zinner and Kliegel, 
1966). 1-Hydroxypiperidine (23) and 1-hydroxypyrrolidine (4) were 
similarly prepared (Blout et al, 1958). An attempt (Thesing and 
as we 
) y 
OH OH 
(22) (23) (4) 


Sirrenberg, 1959) to improve the yield of these compounds by 
catalysing the reaction with methyl formate was unsuccessful but 
formic acid (Ruppert, 1960) and silicotungestic acid (Kawaguchi et al, 
1967) were successfully used for this purpose. 

An early report (Ingraffia , 1933) that indole-magnesium 
bromide reacted with hydrogen peroxide to give 1-hydroxyindole was 
peceuriy discounted by Kawana et al (1965). These investigators and 
others (e.g. Habib and Rees, 1962) failed to oxidize some cyclic 
amines to the corresponding hydroxylamines by means of hydrogen 
peroxide. Similarly, no cyclic N-hydroxy compounds were formed 
when ferric chloride was used (Dobeneck and Lehmerer, 1957; 
Kawana et al, 1965) although Houff et al (1954) reported earlier the 
oxidation of indole-3-acetic acid to the corresponding N-hydroxyindole 
using this reagent. 

The use of percarboxylic acids for the N-oxidation of 
tertiary amines is very common and a considerable number of N-oxides 
have been prepared by this method. Recently, Beckett and Salami 


(1972) claimed that one of these acids (m-chloroperbenzoic acid) 
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successfully oxidized phenmetrazine (11) to 1-hydroxyphenmetrazine 
(12). An earlier attempt (Stacy et al, 1964) to use percarboxylic 

acids for the preparation of 1-hydroxy-2-phenylbenzimidazole from 

the corresponding amine failed. The related compound, 2 ,6-dimethyl- 
benzimidazole (24) was said to be oxidized by bromine to the corres- 


ponding hydroxylamine (25) (Niementowski, 1892). 


Br>/H,O —N 
re ad \ 
\-CHy CH, 
eG s H.C 


3 H 3 OH 
(24) (25) 


N-Acetoxy and N-benzoyloxypiperidines (27) can be 
prepared from piperidine (26) by the action of acetyl and benzoyl 
peroxides respectively (Gambarian, 1925; Gambarian and Kazaryan, 


1933). 1-Benzoyloxy-2 ,2,6,6-tetramethylpiperidine (28) and 
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1-benzoyloxy-2 ,2 ,5,5-tetramethylpyrrolidine (29) were similarly 


prepared. Hydrolysis of (28) and (29) gave rise to the corresponding 
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HC ) CH, 3 ) 
OCOPh OCOPh 
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N-hydroxy compounds (Feldman and Hoffmann, 1964). 


(B) Reduction of Cyclic Nitrones 


Reduction of nitrones (30) to the corresponding secondary 
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amines (33) can proceed by two different pathways. The intermediate 


imines (31) or hydroxylamines (32) have been isolated. Deoxygenation 
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(32) 

to (31) is generally effected by using triphenylphosphine, phosphorous 
trichloride, phosphorous oxychlorides, sulfur dioxide, zinc and acetic 
acid as well as catalytic hydrogenation. Zinc and mineral acids 
reduce the nitrone group to the secondary amine stage (33). Reduc- 
tions with complex metal hydrides lead, in most cases, to the forma- 
tion of hydroxylamines. 

1 ,5-Dihydroxy -3 ,3-dimethylpiperidine (35) was prepared by 


the reduction of (34) using potassium borohydride (Brown et al, 1959). 


(CH3)> . KBH, (CH3), oS 
——_—_+—» 
i j 
oy OH 
(34) (35) 


The same reagent was used for the reduction of A'-pyrroline 1-oxides 
to the corresponding 1-hydroxypyrrolidines (Bonnett et al, 1959). 

The N-hydroxybenzodiazepine (14, R=H) was prepared by 
reducing nitrones (36) or (37) with sodium borohydride in ethanol or 
diglyme. Reduction of the latter was accompanied by cleavage of 


the aziridine ring (Field et al, 1966). These reactions were also 
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effected by using tetramethylammonium borohydride (Hoffmann- 
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LaRoche, 1966). 

The use of lithium aluminum hydride for the reduction of 
cyclic nitrones to the corresponding hydroxylamines was first reported 
by Exner (1955). There have been claims that reduction stops at the 
hydroxylamino- stage even when excess reagents and fairly vigorous 
conditions are used (Thesing and Sirrenberg, 1959). Among N-hydroxy 
compounds prepared in this way are 1-hydroxypyrrolidine from Q'- 
pyrroline 1-oxide (Thesing and Sirrenberg, 1959) and 7-chloro-4- 
hydroxy -5-phenyl-2 ,3 ,4 ,5-tetrahydro-1H-1 ,4-benzodiazepine (39) 
from the nitrone (38) (Sulkowski and Childress, 1963). 7-Chloro-2- 


methylamino-4-hydroxy-5-phenyl-4 ,5-dihydro-3H-1 ,4-benzodiazepine 


(38) (39) 
was prepared similarly (Sternbach and Reeder, 1961). 


The dimeric 1 ,2,3,4-tetrahydropyridine 1-oxide (40) did 
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LaRoche, 1966). 

The use of lithium aluminum hydride for the reduction of 
cyclic nitrones to the corresponding hydroxylamines was first reported 
by Exner (1955). There have been claims that reduction stops at the 
hydroxylamino- stage even when excess reagents and fairly vigorous 
conditions are used (Thesing and Sirrenberg, 1959). Among N-hydroxy 
compounds prepared in this way are 1-hydroxypyrrolidine from (Q'- 
pyrroline l-oxide (Thesing and Sirrenberg, 1959) and 7-chloro-4- 
hydroxy -5-phenyl-2 ,3 ,4,5-tetrahydro-1H-1 ,4-benzodiazepine (39) 
from the nitrone (38) (Sulkowski and Childress, 1963). 7-Chloro-2- 


methylamino-4-hydroxy-5-pheny1-4 ,5-dihydro-3H-1, sem ne nile 
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was prepared similarly (Sternbach and Reeder, 1961). 


The dimeric 1 ,2,3,4-tetrahydropyridine 1-oxide (40) did 
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not react with lithium aluminum hydride. However, it could be 
reduced catalytically cver platinum in acidic methanol to give 1- 
hydroxypiperidine (23) (Thesing and Mayer, 1956). Catalytic hydro- 


genation of the trimer (41) afforded the same N-hydroxy compound 


XN ms 
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{ + 


to +N NN 
(40) i 
H N 
Pt 2 + 
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(41) 
N 
| 
OH 
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(Thesing and Mayer, 1957). The dimeric nitrone (42) was also 
hydrogenated in the presence of Adam's catalyst to give 1 ,8-dihydroxy- 
1 ,8-diazacyclotetradecane (43). Further hydrogenation of (43) over 
Raney nickel yielded the corresponding amines (Alford et al, 1966; 


Rogers, 1956). 
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(42) (43) 


More powerful chemical reagents are employed occasionally 


for the reduction of nitrones to hydroxylamines. The N-hydroxyisox- 
azoline (45) was formed when the isoxazoline 1]-oxide (44) was reduced 
with zinc and acetic acid or with sodium iodide and acetic acid (Kohler 
and Barrett, 1926). The N-hydroxytetrahydroquinoline (47) was also 


prepared by the zine and acetic acid reduction of (46) (Taylor and 
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and Kalenda, 1953). In contrast, the dioxide derivatives (48) were 
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reduced with sodium hydrosulfite to 1 ,4-dihydroxypyrazoles (49) but 
when reduction was performed with zinc and acetic acid, 4-hydroxy- 


pyrazoles (49, N.H for NeOH) were formed (Freeman et al, 1969). 
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Reduction of the cyclic nitrone (50) was accompanied by an 


elimination of methyl alcohol and yielded the 1-hydroxypyrrole (51). 


This reduction was achieved using sodium-potassium alloy, alkyl or 


aryl magnesium bromides (Blatt, 1934). Sodium-potassium alloy was 
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also reported to reductively dimerize 5,5-dimethyl- 4'-pyrroline 
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l-oxide (52) to the 1,1'-dihydroxy-2 ,2'-bipyrrolidinyl derivative (53) 


(Clark et al, 1959). 


(52) (53) 


(C) Addition to Cyclic Nitrones: 

Grignard reagents add across the double bond of cyclic 
nitrones leading, in certain instances, to the formation of stable cyclic 
hydroxylamines. Some a-alkyl and &-aryl N-hydroxy compounds 
were prepared in this way from pyrrolidine ]-oxides, piperidine 
l-oxides , pyridine 1-oxides and quinoline 1]-oxides. 

1-Hydroxy-2-phenylpyrrolidine (55) was the product of the 
reaction of A'-pyrroline 1-oxide (54) and phenylmagnesium bromide 


(Thesing and Sirrenberg, 1959). Other N-hydroxypyrrolidines are 
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prepared similarly (Bonnett et al, 1959; Delpierre and Lamchen, 1963). 
The tetrahydropyridine 1-oxide dimer (40), which is resistant to a number 
of nitrone PIES such as reduction with lithium aluminum hydride 
or with sulfur dioxide, reacted readily with phenylmagnesium bromide 
to give 1-hydroxy-2-phenylpiperidine (Thesing and Mayer, 1956, 1957). 

2 ,2-Diphenyl-3 -oxo-1-hydroxyindoline (57) was formed 


' from the reaction of 2-phenylisatogen (56) and phenylmagnesium 
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bromide (Rugguli and Casper, 1939). The latter reagent also reacted 
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with the cyclic N-oxide (58) to yield 7-chloro-4-hydroxy-5-phenyl-1 ,3, 


4 ,5-tetrahydro-2H-1 ,4-benzodiazepin-2-one (59) (Grindstedvaerket}) 
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Addition of Grignard reagents to pyridine 1-oxides and 
quinoline 1l-oxide generally gives o«-alkyl and «-arylpyridines 
quinolines (Colonna, 1936; Ochiai and Arima, 1950). In some 
instances, the intermediates (60) are also oxidized by the unreacted 
N-oxides in the reaction mixture to form e&-substituted N-oxides 
{Colomna and Risaliti, 1954; Kato and Yamanaka, 1965). When these 


reactions were carried out in tetrahydrofuran, the intermediates (60) 
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afforded cyclic N-hydroxy compounds. Thus, 1]1-hydroxy-2-phenyl- 


1 ,2-dihydropyridine (62a), its 6-methyl derivative (62b) and 1-hydroxy- 


2-phenyl-1 ,2-dihydroquinoline were obtained by the reaction of phenyl- 
magnesium bromide with pyridine 1-oxide, 2-picoline 1-oxide and 


quinoline l1-oxide respectively. Attempts to repeat this reaction with 
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4-substituted quinoline 1-oxides failed to yield any N-hydroxy 
compounds (Kato and Yamanaka, 1965). 

Hydrogen cyanide is reported to add across the double 
bond of nitrones giving adducts which generally lose water in the 
presence of bases. This reagent, however, reacted with the pyrroline 
l-oxides (63) to give 2-cyano-1-hydroxypyrrolidines (64) which were 


stable to alkali but readily oxidized to the cyanonitrones (65) (Bonnett 


et al, 1959). Cyclic nitrones also react with active hydrogen 
R R 
HCN O7/Cu = 

TFA R +ZA.CN 
R, N ”) N CN R, N 

| | ; 

O OH O 

(63) (64) (65) 
compounds forming simple adducts. For example, treating pyrroline 


l-oxides such as (52) with nitromethane, in the presence of base, 


yielded the 2-nitromethyl-1-hydroxypyrrolidine (66) (Bonnett et al, 


OH | | 
al + 3 Z 


\ | 
on OH 


(52) (66) 
1959; Bowering et al, 1963)? 
Some nitrones undergo aldol-type reactions, 2,4,4-Tri- 
methyl-A'-pyrroline 1-oxide (67), for example, dimerizes slowly on 


standing to give the nitrone-hydroxylamine (68) (Brown et al, 1959a). 
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Dimerization was also induced and controlled by basic catalysts. 
Thus, the nitrone (52) is stable at room temperature but readily 
dimerizes under basic conditions. In the presence of triphenylmethyl 
sodium, an aldol-type reaction occurred leading to the bipyrrolyl 
derivative (70) while a benzoin-type dimerization to (69) occurred with 
sodamide in liquid ammonia. Sodamide in triethylamine gave a 


mixture of both dimers (Brown et al, 1959b, 1959c). The benzoin-type 


we (GH319 ae HH 
( Dee 
b- 


| (52) | (CH), 
| 


: OH 
Oo OH O (70) 
fees 
(CH,), 7 = 
eal 


dimerization might be initiated by deprotonation of (52) to form the 


anion (71) (Brown et al, 1965). 


(D) Cyclization Reactions: 

The majority of cyclic hydroxylamines reported in the 
literature were prepared by cyclization reactions which involve either 
condensation of two molecules or the intramolecular cyclization of a 


single compound. These reactions generally utilize nitro or oxime 
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derivatives. Nitroso and hydroxylamino compounds are possible 


intermediates in many cases and are sometimes used as initial reagents. 


The mechanisms of these cyclization reactions are seldom clear and 
accordingly the discussion of these mechanisms is mostly speculative. 

Most often, especially when nitro compounds or oximes 
are used, an initial reductive step is required prior to cyclization and 
numerous reducing systems have been employed for this purpose. 
However, the nitro group may also cyclize without initial reduction to 
the nitroso or hydroxylamino stages. This alternative route involves 
nucleophilic attack on the nitrogen atom of the nitro-group; the 
attacking nucleophile can be an aliphatic carbanion, a reactive aromatic 
ring or an amino group. These types of reactions were extensively 
reviewed by Loudon and Tennant (1964). 

Cyclization reactions discussed now are classified under 
two subheadings, reductive and non-reductive cyclizations. In the 
first, a reducing agent is used, mainly to effect reduction of the oxime 
or nitro-group to a hydroxylamino or nitroso function. The second 
group includes those reactions in which the nitro-group's demand for 
electrons is supplied from within the molecule. Miscellaneous 
reactions in which cyclization involves quite different mechanisms 
will also be reviewed. 

i - Reductive cyclizations: 

Various reducing agents have been employed for 
the reductive cyclization of oximes and nitro compounds. These 
reducing agents are generally mild although, in some cases, strong 
reduction systems give rise to the required N-hydroxy compounds. 


Zinc and ammonium chloride have been used by several 
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investigators for the preparation of aromatic hydroxylamines from the 
corresponding nitro compounds. Reduction of o-nitrobenzyl ketones 

(72) with this system was also successful and resulted in the formation 
of the tautomeric Marae n mee (7a = 7b). The Rearpeyiorine G73) 


was postulated as an intermediate. The same synthetic route was 


O 
4 
+ Shire Clee Eimer OOS — om 
N= oO 4 N aa 
le ~ 
O Low iL JN 
OH H OH 
(72) (73) | 
e 
COL = Ch, — OG 
| | 
OH y us 
(7a) (abies iO 


employed in an attempt to prepare the parent N-hydroxyindole, but it 


led instead to a dimer formulated as (75) (Mousseron-Canet and Bora, 


1965). | 
CH»,CHO N O 
Z Zn = | | 
NH, Cl rs eran O_ YN 
2 1 | 
O 
(74) (75) 


Reduction of 2-nitrophenylpyruvic acid (76) with sodium- 
amalgam offered a means of preparing 1-hydroxyindole-2-carboxylic 
acid (77) (Reissart, 1897). Similar results were obtained when 
4-methyl-2-nitrophenylpyruvic acid was reduced. Reduction of (76) 
with zinc and acetic acid yielded indole 2-carboxylic acid. 

The same N-hydroxyindole (77) was the sole acidic 


product obtained by the sodium borohydride/ palladium -charcoal 
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(76) (77) ne 

reduction of 2-nitrophenyl pyruvic acid (76) or its methyl ester; from 

the latter a better yield was obtained (Coutts and Wibberley, 1963). 
Catalytic hydrogenation of the oxime, semicarbazone and 

phenylhydrazone of 2-nitrophenylpyruvic acid (76) over platinum or 

palladium provided another route to 1-hydroxyindole-2-carboxylic 

acid (77) (Baxter and Swan, 1967). Varying amounts of indole-2- 

carboxylic acid were also formed along with the hydroxyindole. 
Another example of the use of catalytic hydrogenation for 


preparing cyclic hydroxylamines was reported earlier by Krajcinoric 


and Vranjican (1933). Hydrogenation of acetyonylacetone dioxime (78) 
> C=NOH > CHNHOH 
CH pee! [Cag 
z 2 Z 
\ ee { 
CH>_ CHD. 
-C=NOH S CHNHOH 
CH3 CH, 
(79) GH, — COCH, 
ee) | es eGHyeCOCH. 
CH, OH CH, iat Oe Vas 
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(81) (80) 
in acidic medium produced 1 ,6-dihydroxy-2,5,7,10-tetramethyl-1 ,6- 


CH, 


a 


diazacyclodecane (81). This compound was formed by the reduction of 
the intermediate dioxy derivative (80) which resulted from the conden- 
sation of the hydroxylamine (79) with acetonylacetone; the latter is 


present on account of the partial hydrolysis of the dioxime in acidic 
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medium. 

Reductive cyclizaticn of trans-o -nitrostilbene (82) with 
triethylphosphite yielded 2-phenylindole (84) and traces of two other 
products. When this reaction was interrupted after one hour, the 
intermediate 1-hydroxy-2-phenylindole (8 3) was isolated, but only in 


poor yield (Sundberg, 1965). 
H Ph 
=< , 
apa | —— | 
Ph 
O N Ph N 
(82) (83) OH (84) 9 
The tautomeric N-hydroxyquinolone (86, R=H) was pre- 
pared by the stannous chloride/hydrogen iodide reduction of ethyl 
o-nitrobenzoylacetone (85, R=H) (Gabriel and Gerhard, 1921). The 
related compound (86, R=COOEt) was obtained by the reduction of 
ethyl o-nitrobenzoylacetoacetate (85, R=COOEt) with stannous chloride 


and hydrochloric acid in acetic acid (McCluskey, 1922). 


R O OH 
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(85) (86a) OF (86b) O 
Reduction of o-nitroanilides (87) under mild conditions 
resulted in the formation of 1-hydroxybenzimidazoles (89). The 
hydroxylamine (88) was postulated as an intermediate. Among the 
reducing systems used in this type of reaction are zinc and ammonium 
chloride (Niementowski, 1910; Kuhn and Blau, 1958), zinc and hydro- 
chloric acid (Niementowski, 1892, 1899), tin and hydrochloric acid 
(Baczynski and Niementowski, 1902); ammonium sulfide (Bankiewicz, 
1889; Niementowski, 1910; Takahashi and Kano, 1964), sodium 


dithionite (Fries and Reity, 1937; De Stevens et al, 1967) and 
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catalytic hydrogenation over palladium (Kamel et al, 1957). 


4 
NH—COR NHCOR’ 


NO, NHOH 


| 
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Ammonia (Neadle and Pollitt, 1967) as well as sodium hydroxide 

(De Stevens et al, 1967) were also used to catalyze this cyclization. 
The 1-hydroxybenzotriazole derivative (92) has been 

prepared either by the stannous chloride/hydrochloric acid reduction 

of the potassium salt of the 2-nitrosoimino oxime (90) (Harden and 

Okell, 1901) or by the interaction of 1 ,2-naphthoquinone 1-oxime (91) 


and toluene p-sulfonhydrazide (Scott and Lelor, 1966). 
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An early report (Heller and Wunderlich, 1914) that 
reduction of % -cyano-o-nitrocinnamide (93) by zinc and acetic acid 
yielded 2-carbonyl-2-cyanodihydroindole (94) and its N-hydroxy 
derivative (95) was later discounted. The products have been 
reformulated as 2-aminoquinoline-3-carboxamide (96) and its N-oxide 


(97)(Pachter and Kloetzel, 1951; Taylor and Kalenda, 1953; 
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Another report by Narang et al (1934) and the related work 
by Coutts and Edwards (1966) regarding the formation of the N-hydroxy- 
pyrazoloquinolines (99) by the reduction of the o-nitrobenzylidene 
derivatives (98) constitutes a part of the present investigation and 


will be discussed in detail later. 


(8)oe 2B, 


ii - Non-reductive cyclization: 

In most cases, these cyclizations are catalyzed by acids 
or bases and the products occasionally are affected by the pH of the 
reaction media. Some interactions, however, occur under seemingly 
neutral conditions. 

One of the earliest examples of acid-catalyzed cyclizations 
was that reported by Fischer and Hutz (1895). Treatment of the 
benzoin oxime (100) with concentrated sulfuric acid resulted in the 


formation of 1-hydroxy-2-phenylindole (83). A similar procedure 
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was recently employed for the preparation of some related N-hydroxy- 


indoles (Kawana et al, 1965). 
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Ph H5SO —— ) : 
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(100) (83) Ou 

The related 3-cyano-1-hydroxy-2-phenylindole (103) was 
obtained by the action of potassium cyanide on either o nitro- « -phenyl- 
cinnamonitrile (101) or -o-nitrophenylcinnamonitrile (102).  Alka- 
line hydrolysis and decarboxylation of (103) yielded 1-hydroxy-2-phenyl- 
indole (83) (Loudon and Tennant, 1960). 


H 
CGE h 


CN 


(101) KCN | 
CN Ph 


C = CHPh | 
OH 


NO (103) 
(102) 

The acid-catalyzed condensation of o-nitrobenzaldehyde 
(104) with ethylacetoacetate (105) gave a 1-hydroxyquinolone derivative 
(106) (Loudon and Wellings, 1960). Analogous results were obtained 
by replacing the ketoester (105) with acetylacetone , benzoylacetone 
or diethylacetone dicarboxylate. When hydrogen chloride was used to 
catalyze the reaction, a chlorine atom was introduced into the product 
(106, X=Cl). However, no brominated derivatives were formed when 


hydrogen bromide was used. In the presence of quinol, the isolable 
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intermediate (107) may be cyclized even by hydrogen chloride without 


any uptake of chlorine (Loudon and Tennant, 1962). 


CHO CH,— COOC>H, 


+ | 

—__—_—_—» 
NO, COCH, 
(104) (105) 
H 
We 7 
NO 
2 
(107) 


o-Nitrobenzaldehyde (104) reacted with benzene in the 


presence of sulfuric acid to give 10-hydroxyacridone (108) (Lehmstadt, 


1932; Kliegl and Brosamle,1936). The anthranil oxide (109) and 


the nitroso compound (110) were suggested as intermediates (Katritzky 


and Logowski, 1971). 
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Nitrosation of 3-methyl-4-phenyl-3-buten-2-one oxime 
(111) yielded a high melting product which was initially assigned a 
nitrimine structure (Harris and Tietz, 1904) but was subsequently 
shown by Freeman and Gannon (1966) to be the 1 -hydroxypyrazole 


2-oxide (112a) or its 2-hydroxy l-oxide tautomer (112b). Further 
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studies (Freeman and Gannon, 1969; Freeman et al, 1969) showed 


Hoc CH 
CH3—C — C—CH, 3 eee, CH, 
ae ee ts SY | — a 
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OH a 
(111) (112A) (112b) 


that the products obtained from this reaction are dependent on the 
substituents on the oxime molecule. An attempt to prepare the 
N-hydroxy N-oxide (114) by nitrosation of benzalacetophenone oxime 
(113) resulted instead in the formation of a dimeric product (115) 


(Freeman and Hansen, 1972). 
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The ability to form cyclic N-hydroxy compounds by base- 
catalyzed cyclizations has been known for some time. Reissart (1896) 
found that treatment of o-nitrobenzylmalonic acid (116) with aqueous 
sodium hydroxide solution yielded 1-hydroxyindole-2-carboxylic acid 
(77). This compound was also obtained by the action of the same 
base on o-nitrobenzylacetoacetate (117) (Gabriel et al, 1923). The 
latter reaction occurred so readily that the ester (77, COOCoHs for 


COOH) was also isolated. 
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COOH 
/ 
CH,- CH 
“ COOH 
2 NaOH 
a 
(116) COOC,H, | 
| / N 7 ~COOH 
CH,— CH 
S OH 
OCH 
(117) 


Base-catalyzed cyclizations of diethyl- «-cyano- «-2-nitro- 
benzylmalonate (118) and its &-carbamoyl analog (121) produced 
different products depending on the type of base used. Thus , treat- 
ment of (118) with ethanolic potassium hydroxide yielded the 1- 
hydroxyquinolone (119) while the use of aqueous sodium carbonate led 
to the formation of ethyl 3-cyano-1-hydroxyindole-2-carboxylate (120). 


On the other hand, treatment of the & -carbonylmalonate (121) with 


~\_CO00C2H 
CN COOC,H, on 
| on |® O 
Gus CH Ki ; 
COOC>H om 
NO> ois pay oe (119) 
(118) TL 
COOC,H, 
ae 
(120) 


aqueous sodium hydroxide gave the acid amide (123) while the corres- 
ponding ester (122) was obtained when sodium carbonate was used 


(Loudon and Wellings, 1960). These cyclizations have been explained 
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2 
COOC._H 
Pi a5 
CH — CH 
ee COOC>H, 
zm 
(121) 


in terms of intramolecular condensation reactions of carbanions with 
the nitro groups followed by decomposition of the internal condensate 


(124) (Loudon and Wellings, 1960). 
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2-Nitro-N-phenacyl-p-toluidine (125) was found to cyclize 
in the presence of ethanolic potassium hydroxide to the 1-hydroxy- 


imidazole (126) (Loudon and Tennant, 1963). The analogous 1-hydroxy- 
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2-methoxycarbonyl-6-nitrobenzimidazole (128) was obtained by the 
base-catalyzed cyclization of methyl «-(2 ,4-dinitrophenylamino) - 


acrylate (127) (Luetzov et al, 1966; Luetzov and Vercellotti, 1967). 


H 
™G=c00cH, 2 Ny 
CH, ma \—coocx 
O.N 
O,N NO 5 
(127) (128) OH 


1-Hydroxy-2-phenylbenzimidazole (130) was prepared by 


the base-catalyzed cyclization of N-benzyl-o-nitroaniline (129) (Stacy 


et al, 1966). The same compound was also obtained by the reaction of 
H-CH,Ph OH” 
NO2 
(129) (130) on 


benzaldehyde and o-nitroaniline (131) and by the prolonged heating of 


the isolable intermediate benzal-o-nitroaniline (132) (Stacy et al, 1964). 


N=CHPh 


+ PhCHO 


NO, Sa, 
(131) 


(130) OH 
The analogous 1-hydroxybenzimidazole derivative (134) 
were prepared by the photolytic conversion of 2 ,4-dinitrophenyl 
derivative of “-amino-acids (133). This reaction also produced 
4-nitro-2-nitrosoaniline (135). The proportion of these two products 
depends on the pH of the solution (Pollitt, 1965; Neadle and Pollitt, 


1967). Reaction of (135) with different aldehydes yields 1-hydroxy-6- 
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nitrobenzimidazoles (134) (Russel, 1965). 


NHCHRCOOH 


RCHO 
R A a en 
O2N HOAc, 4 


(134) (135) 


Treatment of 1 ,3-dimethyl-4-amino-5-nitrosouracil (136) 
with benzaldehyde and dimethylformamide yielded the tautomeric 
N-hydroxypurine (138) as one of the reaction products. This com- 
pound is probably formed by the spontaneous cyclization of the inter - 


mediate anil (137) (Taylor and Garcia, 1964). 


O 
= CH3 a 
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1-Hydroxy-2-phenylbenzimidazole 3-oxide (142) was 
obtained by the interaction of nitrosobenzene (139) with benzonitrile 
oxide (140). The intermediate (141) has been isolated at low tempera- 


ture (Minisciet al, 1963). Related compounds have also been prepared 
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(142) OH 
by the reaction of o-quinone dioxime with aldehydes (Boulton et al, 
1966, 1967). 
The 1-hydroxyindazolone derivatives (144a) which are 
tautomeric with 3-hydroxy-indazole-1-oxide (144b) were reported to 
be formed by the isomerization of (2-nitrobenzylidene)anilines (143) 


in the presence of sodium bicarbonate (Secareanu and Lupas, 1933). 


O,N 


OH 
(143) (144a) (144b) 
1-Hydroxybenzotriazole (146) was the product of a base- 
catalyzed cyclization of o-nitrophenylhydrazine (145) (Nietzki and 


Braunschweig, 1894; Zincke and Schwarz, 1900}. This reaction was 

INH - NH N 
_—_———> 

a | Nee 

OH 


(145) (146a) (146b) 
extended to the preparation of 1-hydroxy-6-nitrobenzotriazole by the 


action of hydrazine hydrate on 2 ,4-dinitrophenylhydrazine (Curtius 
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and Mayer, 1907). The reaction of hydrazine hydrate with o-halogeno- 
nitrobenzenes (Muller and Zimmermann, 1925) or with o-dinitro- 
benzenes (Vis, 1939) also gave rise to 1-hydroxybenzotriazoles. 

Yields varied greatly according to the pH of the reaction media 
(Macbeth and Price, 1934). 

Some monocyclic N-hydroxy compounds can also be 
prepared by cyclization reactions. The 1-hydroxypyrroles (149) were 
formed by the condensation of benzil oximes (147) and vinyltriphenyl- 
phosphonium bromide (148) in a reaction designed for the preparation 


of 6H-oxazines (150) (Schweizer and Kopay, 1972). Other substituted 
+ . 
IL GH Gin iy NaH "Ld 
Sn . Br DMF R . 
OH (148) \ 
ee es 3 OH 
PhJ~ (149) 


SS 
R 
(150) 
N-hydroxypyrrole derivatives (153) are the products of the reaction of 


the oxime (151) with various diketones (152) (Spiro and Vaccaro, 1959). 
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The cyclization of 2 ,6-dimethylheptadiene -4-one (154) with 


hydroxylamine offered a means of preparing the 1-hydroxy-4-piperidone 
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derivative (155) (Lehmann, 1897). 


O fe) 

NH,OH 
ae | |_LcH3 ee CH3 
H.C ole : N~ *CH 
154 H,C i 3 
(154) OH (155) 


N-Hydroxyimidazoles (157) are formed by the reaction of 
«-ketoxime (156) with aldehydes in the presence of ammonia (Allan 
and Allan, 1964; Akagane et al, 1969). This reaction was originally 
discovered by Diels (1918) but the products were allocated inaccurate 


structures (Diels and Solomon, 1919). An alternative preparation of 


RogN—jOH NH, R N—OH 
i +  R'CHO ae ee I BF 
R NZ R! 


R“+O 
(156) (157) 


this type of compound was achieved by reacting aldehydes with amino- 


oximes (158) (Busch, 1931; Busch: and Kammerer, 1930). 
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Condensation of 2 ,3-butanedione mono-exime (160) with 
aldoximes (161) resulted in the formation of substituted 1-hydroxy- 
imidazole-3-oxides (162) (Wright, 1964; Bodendoff and Towliati, 1965). 


Similar products have been obtained by the reaction of dimethyl- 
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Hos = NOH 


H,C—C=NOH 
| . 


(163) 
glyoxime (163) with aldehydes (Laparola, 1945). 
*-Hydroxylamino-oximes (164) when reacted with aldehydes 
yield dihydro-1-hydroxyimidazole 3-oxides (165). These compounds 
were readily converted to hydroxylamines (166) or (167) by acylation 
followed by heat or by the action of hydrogen chloride in ethanol 


(Volodarsky et al, 1965). 
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4-Hydroxy-1 ,2 ,4-triazoles (169) are produced by the 
reaction of hydroxylamine with dichloro compounds of general 


structure (168) (Stolle and Théma, 1906). Also, addition of nitril- 
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imines (170) to the C=N double bond of aldoximes (171) produced 
1-hydroxy-4-phenyltriazole (172) but these compounds dehydrated 


spontaneously to give 1 ,2,4-triazoles (173) (Huisgen et al, 1965). 
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The reaction between hydroxamoyl chloride (174) and 
sodium azide gave 1-hydroxy-2-phenyltetrazole(175) (Eloy, 1961). 
The latter compound was also obtained by the action of nitrous acid 


on hydroxamoyl hydrazine (176) (Wieland, 1909). Some related 


NOH NOH 
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derivatives were prepared by the condensation of nitrolic acid (177) 
with hydrazoic acid (Maffei and Bettinetti, 1956). 

O-Alkyl and O-acyl derivatives of cyclic hydroxylamines 
are formed by cyclization reactions. Thus, condensation of 1 ,4-: 
dibromobutane (178) with O-methylhydroxylamine (179) yielded 1 - 
methoxypyrrolidine (180). 1-Methoxypiperidine was similarly 


prepared from 1,5-dibromopentane (Zinner and Moll, 1966). 


CH >Br 
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ee i H2NOCH3 ——__——_- N—OCH, 
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(178) (179) (180) 


N-Methoxyaziridines of the type (184) were obtained by 


the reaction of methylnitronates (181) and acetylenes (182); N-methoxy- 
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4-isoxazolines (183) were postulated as intermediates (Tartakowskii 


et al, 1968). 
Ov ce i - 
aS " 
C=N-OCH RC= cided | |  tallien R 
Rv + ae sa Ro” SocH3 
OCH, 
(181) (182) (183) (184) 


The N-alkoxy and N-aryloxytriazines (186) can be prepared 
by the reaction of the diguanid ethers (185) with carbonyl compounds 
in the presence of hydrochloric acid. Catalytic hydrogenation of 
(186) gave the parent N-hydroxydihydrotriazine (186, OH for OCH>R) 


(Mamalis et al, 1962, 1965). 
~ H 


N N ae 
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N-Benzoyloxy and N-sulfonyloxy derivatives of 2-aza- 
norbornenes (188) were formed by the addition of cyclopentadiene to 


various oxime benzoates or sulfonates (187) (Biehler and Fleury, 1968). 
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(E) Miscellaneous Preparations: 


Included under this heading are those preparations which 
do not fit into any of the preceding classifications. 
Certain types of amine oxides such as (189) decompose 


when heated to yield a hydroxylamine plus an olefin. Examples of 
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this reaction are reported in the early literature (Wernick and 
Wolffenstein, 1898; Mamlock and Wolffenstein, 1900). An intra- 
molecular mechanism involving a planar, five-membered cyclic 


transition state was suggested for this reaction (Cope and Trumbull, 


1960). 


HeeGl sree N-OH 4+ R,C=CH 


(189) 
The early report (Wernick and Wolffenstein, 1898) that 
N-hydroxypiperidine (23) was obtained by pyrolysis of N-ethylpiperi- 


dine oxide (190) was confirmed by Rogers (1955) who extended this 
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work to the preparation of other N-hydroxy compounds. For example, 
1-hydroxymorpholine (22) was obtained by heating the phthalate salt 
of ethyl ~-morpholinopropionate N-oxide (192) with aqueous ammonia. 
This N-oxide was prepared by the action of monoperphthalic acid on 


the ester (191). Similarly, 1-hydroxypiperidine (23) was formed 


ace \ 
H,CH,COOC oH CH,CH,COOC>H, 
be (192) be 
when ethyl @-piperidinepropionate was treated with perbenzoic acid; 


in this case, the N-oxide benzoate was not separated. Both these 


reactions , which were carried out under mild conditions , have been 
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described as a reversal of the Michael addition, facilitated by the 
formal positive charge on nitrogen (Rogers, 1955). 

1-Hydroxypyrrolidine (4) and 2-hydroxy-1 ,2 ,3 ,4-tetra- 
hydroisoquinoline (193) were similarly prepared by the pyrolysis of 
N-ethylpyrrolidine N-oxide (Thesing and Sirrenberg, 1959) and N- 
(carbethoxyethyl-1 ,2 ,3 ,4-tetrahydroisoquinoline) N-oxide (Thesing 
and Mayer, 1957) respectively. Compound (4) was also obtained by 
the pyrolytic decomposition of the N-oxide (194) under reduced 


pressure (Paquette, 1962). 
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Some cyclic hydroxylamines are prepared by chemical 


modification of compounds which already have the N-hydroxy function. 


For example, lithium aluminum hydride reduction of N-hydroxy- 
succinimide (195a) and its O-methyl analog (195b) yielded the corres- 
ponding derivatives of pyrrolidine (196) (Zinner and Moll, 1966). 
Similar reduction of 3-hydroxyphthalimide gave N-hydroxyisoindoline 


(197) (Zinner and Dueerkop, 1969). 
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Also, mild reduction of 1-hydroxypyrazole 2-oxides (198) 
with sodium dithionite yielded 1-hydroxypyrazoles (199); zinc and 


acetic acid reduced both the N-oxy and N-hydroxy functions (Freeman 
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| A ee 
| ag 7 f { 
R O Ry 
| i 
OH OH 
(198) (199) 


and Gannon, 1969). Similarly, cautious reduction of the dioxy 
derivative (142) with stannous chloride and hydrochloric acid resulted 
in the formation of 1-hydroxy-2-phenylbenzimidazole (130) (Minsci 

et al, 1963). The latter N-hydroxy compound was said to be formed 
by the action of alkaline hydrogen peroxide on 2-phenylquinoxaline 


4-oxide (200) (Hayashi and lijima, 1962). 
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Reduction of the stable free radical (201) with phenyl- 
hydrazine or with hydrogen over platinum yielded 2 ,2 ,4,4-tetra- 
methyl—l 3275 ,4-tetr ahydro-3-hydroxy - ¥-carboline (202). The 
radical (201) was obtained by the catalyzed (Na,WO>) hydrogen per- 
oxide oxidation of the %-carboline (202, H for OH) (Rozantsev and 


Shapiro, 1964). (CH3) ee 


Zz 
N erie oe (oa 


(201) (202) 


(Pet) 
yxotbh 33 2c coftsvbss evoittuss ,ylisliodta . (P80! somes Hin 
betivess biss sivoldvoxrbyd bas obiteiis sdemhate déiw (SPT) oviisviteb 
isantM) {OE i) slossbitdisnedbyaada-S-yxosbydt- I Yo mottenazel dt ak 
banrxol. sd of Biss esw Pnvoamor yxowbyd-Vi setts! odT §«©AEGPL fete 
satinxoulsplyneda-S a0 sbtxorsq asgozbyd saedis Yo colios edd yd : 


(S801 ,scniil Bas idecyeH) (00S) sbixo-* 
“9 


a. 4 O_ | a¢ 


(S#£) 


as) a ae) a hes, t 
c ? oo 


“HO” (6€f) 


~fynsitig dtiw (108) isvibst sext sldste ont to poloebeA 


-g1i91-4, #, S, 8 Seblaky cmasltsig 19v0 ASgotbyd ditw to sates rbyd. 7 
edT . (S05) entlodyso-¥~yxotbyd-£-oxbydsriel-&, f, S, {-fydtem -_ 
~10q agony! (OW ga) basyinasovedi xa sitnido aw (108) Lapiban 
bas voaineso A) (HO sot H \ SOS) snilodtss-6 edt to moltebixo sbkco < 
ee - : 


41 


The reaction of ethanol with the pentafluoro compound (203) 
causes elimination of one molecule of hydrogen fluoride and the forma- 
tion of 1-ethoxyaza-2-cycloperfluorobutene (204) (Knunyants and 


Bykhovskaya, 1960). 


OEt 
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nk a | | 
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10-Hydroxyacridone (108) was prepared by acid hydrolysis 
of 9-bromoacridine 10-oxide (206) which in turn was obtained by the 
bromination of acridine-10-oxide (205) in acetic acid (Acheson et al, 


1960). 


(205) (206) (108) 
Heating the pyrazine N-oxide (207) with ethanolic hydrogen 
chloride offered the hydroxylamino-spirolactam (208). This com- 
pound is believed to be formed by the protonation of the N-oxide 


followed by intramolecular electrophilic substitution at the o-position 
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of methylanilide by the pyrazine 2-C-atom (Habib and Rees, 1962). 
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Alkylation of benzofuroxan (209) with the powerful alkylat- 
ing agent, methyl trifluoromethane sulfonate resulted in the isolation 
of the methylbenzimidazole (210) rather than the expected quaternary 


salt. A mechanism for this rearrangement was suggested by Boulton 


et al (1966, 1967). 
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Condensation of 2 ,6-diphenyl-4-pyrone (211) with hydroxyl- 
amine resulted in ring opening and then reclosure to give 1 -hydroxy- 

2 ,6-diphenyl-4-pyridone (212) and 4-hydroxylamino-2 ,6-diphenylpyridine 
l-oxide (213). The i.r. spectrum of (212) in chloroform showed that 


it exists exclusively as the N-hydroxy form (212). On the other 


hand, the solid spectrum suggested a polymeric association (214) 


(El-kholy et al, 1962). 
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3. PHYSICAL AND CHEMICAL PROPERTIES OF CYCLIC 


HYDROXY LAMINES 


The physical and chemical properties of cyclic hydroxyl- 
amines are related to those of their parent amines, but the presence 
of the N-hydroxy function also permits a number of reactions analogous 
to those found with arylhydroxylamines. There are also some 
similarities between the chemical reactivity of cyclic hydroxylamines 
and cyclic hydroxamic acids although the presence of a carbonyl 
function in the &-position of the latter may have profound effects on 
their solubility as well as on their chemical behavior. Also, in 
cases where the cyclic N-hydroxy compound exists in tautomeric 
equilibrium with the corresponding N-oxide, the properties demon- 


strated might be related to those of the N-oxides. 


(A) Solubility and Salt Formation: 

Solubility in water or organic solvents is influenced by the 
nature of the heterocyclic system incorporating the N-hydroxy function. 
However, solubility in alkalis or acids could be modified considerably 
by the introduction of this function. In many cases, N-hydroxy 
compounds are acidic and, therefore, soluble in alkali solutions. 

Stable sodium salts (Loudon and Tennant, 1960; Freeman and Gannon, 
1969) as well as potassium, anilinium and hydrazinium salts (Curtius 

and Mayer, 1907) of some cyclic hydroxylamines have been prepared 

and identified. Insoluble copper salts of 1-hydroxyisoxazolidines 
(Kohler and Barrett, 1924, 1926) and insoluble silver salts of 1-hydroxy- 
benzotriazole (Brady and Day, 1923) are also known. The latter 


compounds have been used analytically for the determination of silver 
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(Singh and Kapil, 1960; Deorha and Soreen, 1964; Sharma and 
Mukerji , 1965). 1-Hydroxypyrazole l-oxides form chelates with 


bute +2 


nia oe acd 


C and Nike (Freeman and Gannon, 1969). 

Some cyclic N-hydroxy compounds are basic enough to 
form acidic salts. For example, 1-hydroxypiperidine and 1-hydroxy- 
morpholine were isolated as hydrochlorides, picrates and acid 
oxalates (Rogers, 1956; Zinner and Kliegel, 1966). The third group 
of cyclic hydroxylamines contains compounds which are virtually 
neutral and form no salts. Examples are 1-hydroxy-2-phenylpiperi- 
dine (Kato and Yamanaka, 1965) and 1-hydroxy-2-methylindole 
(Acheson et al, 1970). Minor changes in structure sometimes alter 
the acidity and the solubility characteristics of N-hydroxy compounds. 
For example, 1-hydroxyimidazole (215, R=Ph) is amphoteric (pK, 9.41, 
pK, 9.36) while other 1-hydroxyimidazoles such as (215, R=CH3) are 


not (Akagane etal, 1969). 
H3C N 
ye 
H3C Niu 
(215) 


(B) Qualitative and Quantitative Determination: 

Cyclic hydroxylamines readily reduce Tollen's and Fehling's 
solutions (Jones and Major, 1927; Habib and Rees, 1962; Feigl, 19§6). 
The former reagent is used as a spray for the detection of N-hydroxy 
compounds on thin-layer chromatographic plates (Beckett and Salami, 
1972). Some cyclic hydroxylamines also give a positive test with 
Schiff reagent (Zinner, 1957). Some of these compounds form a 


red color when treated with ferric chloride but not as spontaneous as 
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that obtained by hydroxamic acids with the same reagent. In fact, 
this color results from the oxidation of cyclic hydroxylamines to the 
corresponding hydroxamic acids (Elsworth and Lamchen, 1966). 
N-hydroxyindoles are said to give a green color with ferric chloride 
solution and also a stronger color with sodium 2-naphthol-4-sulfonate. 
than do the corresponding indoles (Kawana et al, 1965). 

A more specific spot test for hydroxylamines , including 
the cyclic ones, is provided by reaction with triphenyltetrazolium 
chloride (T.T.C.) which, in the presence of alkali, give a characteris- 
tic purple-red color. This seems to be a specific reaction (Snow, 
1954) and by its means the presence or absence of hydroxylamine can 
usually be safely deduced (Rogers, 1955). These investigators and 
others (Zinner and Kliegel, 1966; Thesing and Sirren, 1959; Brown 
et al, 1959) used this test to follow the progress of reactions which 
involve hydroxylamines. Feigl(1966), however, considers hydroxyl- 
amine to be completely inactive towards this reagent. It should also 
be remembered that other substances, such as sugars and ascorbic 
acid give a positive test with T. T. C. (Feigl,.1966). 

The separation of some cyclic hydroxylamines from their 
corresponding amines as well as from some related nitroxides can be 
achieved by means of thin-layer chromatography. Weil (1968) develop- 
ed some useful solvent systems for this purpose. Iodine vapor or 
potassium permanganate solution were used for detection and were 
foundto be more useful than T. T. C. which gave only very faint pink 
spots. 

Although a number of methods have been developed for 


quantitative estimation of aryl hydroxylamines (Boyland and Nery, 1964; 
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1964 a) and hydroxamine acids (Nery, 1966; Roncucci et al, 1971), there 
is as yet no general method for analysis of cyclic hydroxylamines , 
However, it is possible that these compounds could be determined 
quantitatively by gas-liquid chromatography, after conversion into 


suitably volatile ethers. 


(C) Molecular Spectroscopy and Mass Spectrometry: 

Ultraviolet spectroscopy: This technique was used by several 
investigators (e.g.: Mcbeth and Price, 1936; Takahashi and Kano, 
1963; Stacy et al, 1966) to study the tautomerism of cyclic N-hydroxy 
compounds. In such cases, the position of maxima as well as their 
intensities were compared with ''fixed'"’ models in which tautomerism 
was not possible. Kawana et al (1965) also used the bathochromic 
shift (5-10 mf) showed by N-hydroxyindole derivatives , on addition 


of alkali, as a method for confirming the presence of the N-hydroxy 


function. 
Infrared spectroscopy: This has proven to be more useful for both 
identification purposes and tautomeric studies. Mousseron-Canet 


and Boca (1967) as well as Kawana et al (1965) studied the i.r. spectra 
of some 1-hydroxyindoles and found evidence for the existence of inter- 
molecular hydrogen bonding. The simple compounds , N-methyl and 
N,N dimethylhydroxylamine were also strongly hydrogen bonded 
(Mansel and Spiers, 1959). 

The presence of either or both the N-hydroxy and N-oxy 
tautomers in any compound could be readily deduced from its infrared 
spectrum and this was used to assign tautomeric equilibria in different 
systems (Katritzky and Jones, 1960; Kloetzel et al, 1957; Mousseron- 


Canet and Boca, 1967). Distinction between the N-OH and C-OH 
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functions is probably more difficult since both absorptions seem to be 
affected similarly by the same parameters (table 1). Their acetates 
or benzoates , however, are of particular advantage for identification 
purposes since electronegative groups attached to the oxygen atom of 
carboxylic acids are known to raise the stretching frequency of the 
carbonyl group by 15-70 cm7} depending on the group (Freeman, 1958). 
The most pronounced shifts were observed with hydroxamic acids but 
also all compounds where the oxygen substituent was attached to 
nitrogen showed abnormally high frequency carbonyl absorptions. As 
expected, the N-benzoate enters absorb at a lower frequency (~1770 
cm") than the N-acetate (~1800 cm74) but still much higher than the 
ordinary benzoates (~1720 cm!) (see table 1). 

Nuclear magnetic resonance spectroscopy; This technique has been 
employed more frequently for detecting the N-hydroxy function as well 
as for studying the tautomerism of N-hydroxy compounds (Bonnet and 
McGreer, 1962; Acheson et al, 1968, 1970; Schweizer and Kopay, 
1972). Also Moueseronecanct and Boca (1967) used this method for 
quantitative determination of both tautomers of some N-hydroxyindole 
derivatives. 

With few exceptions, studies showed that the N-hydroxy- 
proton resonance is detected at low field even in the absence of intra- 
molecular hydrogen bonding (table 1). Acheson et al (1970) detected 
the N-hydroxy proton in 1-hydroxy-2-methylindole at 6-~9.00 and 
reassigned the resonance at §~ 6.00, attributed earlier (Mousseron- 
Canet and Boca, 1967) to this proton, to the 3-hydrogen atom of the 
indole. The N-methoxy function might also be detected with n.m.r. 


spectroscopy since the methoxy group is attatched to an electro- 
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Table 1; Infrared absorption maxima and a.m.g. chemical ehifte (relative to TMS) of eome cyclic hydrexylamines and 


thele methyl and acy! derivatives, 


Structure v Ref, 
OH C:0 (ester) OH OCH, 
CHy 
om, > one 3600-3000 \ 
» beasoate® 1740 2 
Ss) 1762 (liq) 2 
ee 1766 (CC1,) 3 
Or 3406-2400 (mull) 8.72 (CDC1,) 4 
Mefee 9.2 5 
» benzoate 1759 6 
Be 1785 4 
HC 3660 3.3 7 
a 
R 
Hi 
Rs CH, 3510-3498 (CHC1,) -6.60 8 
3450 (KBr) 8 
9.75 9 
6.3-8.94 9 
o p-chlorobenzoate 1775 10 
Rt Ph 2400, 3250 (br.) 8.85 (CDCl,) Ww 
2430 (v.br.) 12 
» acetate 1772 11 
o benzoate 1760 13 
Be COOH 3225 1D 
» acetate 1800 il 
» benzoate 1783 il 
Rs COOcH, 3180 et 
4.2 14 
- acetate 1802 4 
sbenzoate 1776 il 
R 
lesen, 
on 
R2 CN 3260 is 
9.3-10.5 9 
(dioxane) 
Re CONH, 3350, 3150 15 
» acetate 1609 45 
Pa : 
AJ 
Hi 
Re Ph 3320 (nujot) not detected 16 
(CDCI) 
Daaetate 1700 (nujot) 16 
, benzoate 1760 (nujod) 16 
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Table i: Continued 
& 
Structure Ref. 
OH C20 (ester) OH OCH, 
RB» COOC;H, 3370 (nujol) 10.2 (CDC15) 16 
RH 10.1 (CDCI5) 16 
cH 
cH, 
a 
13.33 (CDCI) i7 
, beascate 1730 it 
M,C T® 
HC 8.5 19 
1H 
+ p-altrobenzoate Z 1790 20 
H3C CH, 4 
whe. 15.8 21 
HH 
3636 (CHC1,) a 
Ph Ph 
Hi 
CHy 
N 
—CHy a 
ia 3320 
R 
ia: 4.1-4.2 (CDC15) 24 
dcx, 
CH 
R cH,),NO 
CH, 4.09 25 
rn 3.99 26 


© are presented here for comparison. 
References: 


() Maneel and Spiers (1959) 


(2) Freeman (1958) 


(3) Zinner (1958) 
(S$) Kato and Yamanaka (1965) 
(7) Beckett and Salami (1972) 
(9) Acheson et al (1968) 
(12) Kawana et al (1965) 
(13) Leudon and Tennant (1960) 
(15) Loudon and Wellinge (1960) 
(17) Allan and Allan (1964) 
(19) Freeman and Gannon (1966) 
(21) Freeman and Gannon (1969) 
(23) Habib and Rees (1962) 
(24) Morimoto and Oshlo (1965) 
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(4) Coutts and El-hawari (unpublished) 
(6) Kato ot al (1967) 
(8) Mousse ron-Canet and Boca (1967) 
« (10) Acheson et al (1970) 

(12) Sundberg (1965) 

(14) Baxter and Swan (1967) 

(16) Schweizer and Kopay (1972) 

(18) Akagane et al (1969) 

(20) Freeman et al (1969) 

(22) El-koly at al (1962) 

(24) Takahashi and Kano (1966) 

(26) Johne et al (1967) 
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negative atom. In the few reported examples (Table 1), the N- 
methoxy-protons resonate at a lower field (§ 4-4.2) than usually 
demonstrated by aromatic ethers (§~3.8). 

Mass spectrometry: Some cyclic N-hydroxy compounds were 
identified by their ability to lose OH’ radicals from their molecular 
ions (Acheson et al, 1970; Beckett and Salami, 1972; Schweizer and 
Kopay, 1972). A similar loss resulting from N-O bond cleavage 
might also be expected from O-substituted derivatives of N-hydroxy 
compounds but the indole (20) showed only a small fragment ion (3%) 
corresponding to the direct loss of OCH3 radical from the molecular 


ion. However, the same spectrum demonstrated a strong peak due 


7 
GH,O CH,- NX 


(20) 
+ 
to the loss of OCH, from the (M-NMe.,) ion. It is probable that this 
methoxy radical originated from the N-methoxy function and not from 


the aromatic ring (Johns et al, 1967). 


(D) Stability: 

Cyclic hydroxylamines and their alkyl and acyl derivatives 
vary greatly in their stability. Some show surprising stability and are 
isolated readily while others are very difficult to isolate and undergo 
oxidation, dehydration or rearrangement. Many of these compounds 
also dimerize, dehydrate or rearrange when heated with or without 
solvent. Thus, in refluxing cymene, 1-hydroxy-2-phenylindole (83) 


was converted to the dimeric indole (216) (Sundberg, 1965). Also, 
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OH 
(83) (216) 
heating 1 -hydroxy-2-phenyl-1 ,2-dihydropyridine (62a) to 200° or 
boiling it with acetic anhydride resulted in dehydration to 2-phenyl- 
pyridine (Kato and Yamanaka, 1965). The N-hydroxyimidazole (217) 
rearrangedto the imidazolone (218) upon heating to 235° (Volkamer 


and Zimmermann, 1969). 


OH 


(217) (218) 

Upon alkylation, some N-hydroxydihydrotriazines (17) 
yielded rearrangement products (219). When the N-alkoxy derivatives 
pues OCH,R for OH) were isolated, they converted smoothly into (219) 
by heating with or without solvent. The N-hydroxy compounds (17) did 
not rearrange on heating (Mamalis et al, 1965). 


1 


alt 


ZN NH RCH>50-HN oe NH 
H 


(17), (219) 
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The tautomeric behavior of some N-hydroxyindoles (7) was 
studied by Mousseron-Canet and Boca (1967). N-Hydroxyindole (7, 
R=H) itself was found to exist solely as 3H-indole N-oxide (7b) whereas 


the 2-substituted derivatives(7, R=CH, or Ph) were tautomeric mixtures. 


| = 
p 
oan naan 
OH Oo 
(7a) (7b) 


The N-oxide form (7b) is favored in solvents which are capable of 
strong hydrogen bonding. For 1-hydroxy-2-methylindole (7, R=CH,) ; 
the proportion of each tautomer has been quantitatively estimated 
from the n.m.r. methyl intepral: In deuterochloroform, methyl 


1 -hydroxyindole-2-carboxylate (224) exists as such while 5-bromo-1- 


hydroxyindole-2-carboxylic acid is present entirely in the 1-oxide 


O 
O 
Ny 
(224) (225) 


form (225) in the same solvent. These results were attributed to 
intramolecular hydrogen bonding (Acheson et al, 1968). 

Similar studies have been reported on the tautomerism of 
1-hydroxypyrroles (Kloetzel et al, 1957; Bonnett and McGreer, 1962; 
Schweizer and Kopay, 1972), 1-hydroxyimidazoles (Akagane et al, 
1969), tetrahydropyridine 1-oxides and dihydro-1 ,4-oxazine 4-oxides 
(Elsworth and Lamchen, 1968). The two tautomers (157a = 157b) of 


certain triaryl-1-hydroxyimidazoles were claimed to be isolated under 
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(157a) (157b) 
controlled conditions (Volkamer and Zimmermann, 1969). 
The structure of 1-hydroxybenzimidazole (226) evoked 


some controversy. Kew and Nelson (1962) suggested the N-oxide form 


H 

N 
cS d 
Sa + 

\ I 

OH O 
(226a) (22 6b) 


(226b) for this compound but Takahashi and Kano (1963) showed, by 
using u.v. spectroscopy that a solvent-dependent tautomeric equili- 
brium (226a = 226b) existed between the two forms. Hayashi et al 
(1960) reported earlier what was considered to be a chemical evidence 
for such tautomerism; reaction of 1-hydroxybenzimidazole (226) with 


diazomethane yielded a mixture of the alkyl derivatives (227) and (228). 


fae 

-N 
) 4 
\ he 
OCH, O 

(227) (228) 

A solvent-dependent tautomerism was also observed with 1-hydroxy-6- 
nitrobenzimidazole (Neadle and Pollitt, 1967) while 1 -hydroxy-2-phenyl- 
benzimidazole was shown to exist entirely as the N-hydroxy form even in 
aqueous solution (Stacy et al, 1966). 1-Hydroxybenzotriazole 


derivatives (229a) also behaved similarly; some are tautomeric 
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mixtures (229a = 229b) while others exist only as the N-hydroxy 
structure (229a) (Macbeth and Price, 1936). 

Studies using physical methods indicated that both tautomers 
of 1-hydroxy-4-pyridone (230) are of comparable importance (Katritzky 
and Logowski, 197la). Similarly , 10-hydroxyacridone isis in equi- 


librium with equal amounts of 9-hydroxyacridine 10-oxide (Ionescu 


et al, 1966). In contrast, amino N-oxide exist predominantly in the 
O NHR 
(tai & 
+ 
" i 
OH OF 
(230) (231) 


amino form (231) (Katritzky and Logowski, 1971b). In certain 
instances , however, chemical reactions gave products derived from 

the N-hydroxy tautomer of amino N-oxides. Alkylation and benzoyla- 
tion of 2-aminopyrroline 1-oxide (232) occurred at the oxygen atom 
giving products of the type (233) while acetylation gave only the N-acetyl 


derivative (Forrester and Thomson, 1963). 
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(F) Oxidation: 
Cyclic hydroxylamines are readily oxidized by a wide 
variety of oxidizing agents. When an « -hydrogen is available, the 


products are mostly cyclic nitrones (235); otherwise, different 


¢ c. f ® 

‘ay - SS ay * i 
OH ih 

(234) (235) 


products are isolated. 

The passage of oxygen (or air) into a solution of the 
N-hydroxy compound, in the presence of a catalyst such as copper- 
ammonia complex, is commonly employed, but sometimes fails to 
oxidize these compounds. This method was used for the oxidation of 
1-hydroxypyrrolidines such as (236) to the corresponding nitrones 


(237) (Bonnett et al, 1959). Similar results were obtained when 


bes BE cle yas) 
z CH 
C,H (CH,), CoH, N+ 4(CH3)2 


N’ 
OH O 
(236) (237) 


alkaline potassium ferricyanide (Brown et al, 1959b)or yellow mer- 
curic oxide (Thesing and Sirrenberg, 1959) were used as oxidizing 
agents. The latter reagent was also employed for the oxidation of 
N-hydroxypiperidine , N-hydroxymorpholine (Elsworth and Lamchen, 
1968), 2-hydroxy-1 ,2 ,3 ,4-tetrahydroisoquinoline (Thesing and Mayer, 
1957) and 1-hydroxybenzodiazepines (Sternbath and Reeder, 1961; 
Sulkowski and Childress, 1963; Hoffman-LaRoche, 1966) to the 
corresponding nitrones. 

Other ring substituents can also be affected during the 
oxidation of the N-hydroxy function. 1-Hydroxy-2-methylpyrrolidine- 


2-carboxylic acid (238) undergoes oxidative decarboxylation during the 
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nitrone (239) formation (Brown et al, 1959). 
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bx | comteas 
O 
(238) (239) 

1-Hydroxypiperidine (23) reacted with p-benzoqunione to 
yield a tetrahydropyridine 1-oxide-hydroquinone adduct (240) (Brown 
and Rogers, 1961). Aerial oxidation of the same N-hydroxy aera 

ne Ogee OS 
(240) OH 

in the presence of cupric acetate yielded 3 ,4,5,6-tetrahydropyridine 
1-oxide (241) which dimerizes immediately to the cyclic dimer (40) 
(Thesing and Mayer, 1956). A trimer formulated as (41) was formed 
by the oxidation of (23) using potassium ferricyanide (Thesing and 


Mayer, 1957). Related polymers were obtained by the oxidation of 
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ie ie — (40) 


(23) (241) 


(41) 
N-hydroxyhexaethyleneamine (Alford et al, 1966) and N-hydroxymor - 
pholine (Elsworth and Lamchen, 1968). 


In some cases, the course of oxidation was found to depend 
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on subtle steric effects. Oxidation of 1 -hydroxy-2-phenylpyrrolidine 
(55) with mercuric oxide gave the nitrone (241) in which the nitrone 
group is conjugated with the phenyl group (Thesing and Mayer, 1957, 
Thesing and Sirrenberg, 1958). In contrast, the same reagent 
oxidized 1-hydroxy-2-phenylpiperidine (242) to a dimer of the nitrone 
(243) in which the nitrone group and the phenyl group are not conjugated 


(Thesing and Mayer, 1957). This difference in the behavior of the 


| | ——> 
. + +P 
oe @ 
OH ‘ow OH 
(55) (241) (242) (243) 
analogous N-hydroxy compounds (55) and (242) was explained in terms 
of their stereochemistry (Thesing and Sirrenberg, 1959). 
Ferric chloride is reported to oxidize the hydroxylamine 


(244) to the corresponding hydroxamic acid (245) via the intermediate 


(52) (Elsworth and Lamchen, 1966). The same reagent oxidized 
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ethyl 1 -hydroxyindole-2-carboxylate (7, R=COOEt) to the bis N-hydroxy 


compound(2#46, R=COOEt) (Gabriel et al, 1923). A related product 
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R 


| 
(7) OH OH (246) 6H 


(246, R=Ph) was obtained by the oxidation of 1-hydroxy-2-phenylindole 
(7, R=Ph) with nitrobenzene (1 mole) or diethylazodicarboxylate (2.5 


mole) (Colonna and Monti, 1962). The diradical (247) was formed 
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when (7, R=Ph) was treated with t-butyl hydroperoxide or diethylazo- 
dicarboxylate. Oxidation with excess nitrobenzene gave in addition 


to (247), another diradical (248) and a nitrone (249) (Colonna and 


Ph 
N ! x Ph 
\ iu 
(247) (248) (249) 


De Martino, 1963; Colonna and Bruni, 1964, 1965). 
Other cyclic hydroxylamines are also reported to yield 
free radicals on oxidation. 1-Hydroxyimidazole (157) gave the radical 


(250) on treatment with halogens in polar solvents or with lead dioxide 
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(Volkamer et al, 1967; Volkamer and Zimmermann, 1969). The 
stable free radicals (251) and (201) were also obtained by the silver 
oxide (Rozant sev and Neiman, 1964) and catalyzed (Na2WO,) hydrogen 


peroxide (Rozantsev and Shapiro, 1964) oxidation of the corresponding 
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hydroxylamines. Oxidation of the N-hydroxypyrazole dimer (115) 


with iodine yielded a compound (252) for which preliminary electron 
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spin resonance studies suggest biradical character (Freeman, 1973). 
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(G) Reduction: 

The N-hydroxy function as well as its O-substituted 
derivatives can be reduced by chemical reagents or by catalytic 
hydrogenation. Zinc and acetic acid is used very frequently for this 
purpose. N-Hydroxypyrazoles (Freeman and Gannon, 1969), 
N-hydroxyimidazoles (Busch, 1931), N-hydroxyindole (Loudon and 
Wellings , 1960) and N-hydroxypyrroles (Blaise, 1914; Blatt, 1934) 
were reduced to the corresponding amines by the use of this reagent. 
Phosphorous and hydroiodic acid were also used for the reduction of 
1-hydroxybenzotriazole (Brady and Reynold, 1928) and 1 ,5-dihydroxy- 


3 ,3-dimethyl-piperidine (35) (Brown et al, 1959). 
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1-H ydroxyphenmetrazine (12) is said to reduce quantitative- 
ly to phenmetrazine (11) by means of titanous chloride or lithium 
aluminum hydride (Beckett and Salami, 1972). The latter reducing 
agent was also used for the reduction of some substituted 1-hydroxy- 
imidazole derivatives (Volkamer and Zimmermann, 1969). Other 
chemical reagents which have been used for the reduction of cyclic 


hydroxylamines include sodium hydrosulfite (Wright, 1964), tin and 
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hydrochloric acid (Curtius and Mayer, 1907), tin chloride and hydro- 
chloric acid (Minisci et al, 1963) and dimethylformamide (Taylor and 
Garcia, 1964). 

The N-hydroxy function is, in most cases, susceptible to 
catalytic hydrogenation. N-Hydroxybenzimidazoles (Takahashi and 
Kano, 1963; Minisci et al, 1963) and N -hydroxyimidazole (Volkamer 
et al, 1967) were readily hydrogenated over suitable catalysts. In 


contrast, hydrogenation of the N-hydroxy compound (254) over Pd-C 


O 
Cl COOC,H, | ~ 
| | H 
N CH, N~ ~Ph 
| 
OH OH 
(254) (255) 


replaced only the chlorine atom with hydrogen without affecting the 
N-hydroxy function (Loudon and Wellings, 1960). Also, controlled 
catalytic hydrogenation of 1-hydroxy-2-phenyl-1 ,2-dihydropyridine 
(255) over Pd-C resulted only in the reduction of the pyridine ring 
giving 1-hydroxy-2-phenylpiperidine (Kato and Yamanaka, 1965). 
Reduction of cyclic N-alkoxy compounds generally results 
in elimination of the N-alkoxy function. The N-methoxy compound (19) 
was successfully hydrogenated over Pd-C or reduced with lithium 
aluminum hydride to the corresponding amine (Morimoto and Oshio, 
1965). Also, the N-alkoxy groups in (256) were eliminated by catalytic 


hydrogenation but the rate of elimination was slower than the rate of 
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deoxygenation of the parent N-hydroxy compound (Takahashi and Kano, 
1964). In certain cases, however, reduction does not affect the N- 
alkoxy function. For example, 1-methoxy-2-indole carboxylic acid 
was reduced with lithium aluminum hydride to yield 1-methoxy-2- 
hydroxymethylindole and 1-methoxy-2-formylindole; the N-methoxy 
function was not eliminated (Kawana et al, 1965). 

Hydrogenation of acetates of structure (257) over Pd-C 


caused replacement of both the acetate group and the chlorine atom by 


fe) OH 
Cl ) Rar Ho PaeG YR 
a 
N CH; CH, 
OCOCH, 
(257) (258) 


hydrogen (Loudon and Wellings, 1960). Sodium-amalgam also reduced 
the benzoate and sulfonate derivatives of 2- azanorbornenes (259) to 
(260), but when catalytic hydrogenation was carried out, only the 


double bond was reduced (Biehler and Fleury, 1971). 
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(H) Alkylation Reactions: 
Many N-hydroxy compounds are sufficiently acidic to be 
O-methylated with diazomethane (Hayashi et al, 1960; Baxter and 


Swan, 1967; Acheson et al, 1968). Dimethyl sulfate (Kliegel and 
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Fehrle, 1914; Brady and Reynolds, 1928; Taylor and Garcia, 1964) 
and alkyl halides (Curtius and Mayer, 1907; Brady and Day, 1923; 
Takahashi and Kano, 1964) are used more frequently for this purpose. 
1-Hydroxybenzotriazole (146) reacted with dimethyl sulfate to give a 
mixture of O-methyl (262) and N-methyl (263) derivatives, the ratio of 
which was found to be alkali-dependent (Brady and Reynolds, 1931; 


Brady and Jakobovits, 1950). Inthe absence of alkali and solvent, 
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(146a) was converted only to the N-methyl compound (264), while a 
better yield of the O-methyl derivative (263) was obtained when the 
silver salt of (146) was methylated with methyl iodide (Brady and 
Reynolds, 1928). 

2,3-Dihydropyran reacted with methyl. 1-hydroxy-2-indole- 
carboxylate to yield (265) (Kawana et al, 1965). Similarly, dimethyl- 
aminoethyl chloride gave the 1-alkoxy derivative (266) when it reacted 
with 1-hydroxybenzimidazole in the presence of sodium hydride and 


dimethylformamide (CIBA, 1966). In contrast, the reaction of 6-nitro- 
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1-hydroxybenzotriazole with 1-chlorobutan-3-one yielded only the N- 
substituted product (267) (Shine et al, 1963). 

Metabolic O-methylation of some carcinogenic hydroxyl- 
amines such as N-acetyl-N-2-fluorenylhydroxylamine (268) (Lotlikar, 
1968) and hydroxamic acids such as 3-hydroxyxanthine (269) (St¥hrer , 
1972) was performed in vitro using enzyme systems from rat liver or 


kidney. The methyl donor is S-adenosylmethionine (SAM); cysteine 


N 
OH HN 
Cry IN | | y 
‘“COCH; N 
(268) on (269) 


is sometimes required but divalent cations do not stimulate this reaction 
which appeared to be specific for N-hydroxy compounds (Weisburger 
and Weisburger, 1973). Both the O-methyl derivatives (268, OCH, 
for OH) and (269, OCH, for OH) were also synthesized, but it is not 
known yet whether these can react with nucleophilic compounds as the 
corresponding esters (acetates, glucuronides and sulfonates) do. 
Accordingly , the biological significance of this reaction is not yet 
established. 

Several aldehydes react with cyclic N-hydroxy compounds to 
give O-semiacetals (270) which are converted to the so-called ''mixed 
N ,O-acetals'" (271) and (272) when reacted with amines or hydrazines 
(Zinner and Kliegel, 1966). Treatment of the semiacetal({270) with 
arylisocyanates yielded (274) or a mixture of (274) and (273) (Zinner 
et al, 1965) while reaction of (270) with diphenyl boric acid gave 5-boro- 
1 ,2 ,4-dioxazole derivatives (275) (Zinner and Moll, 1966; Zinner and 


Kliegel, 1966). 
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1-Hydroxypiperidine has been successfully condensed in a 
Michael-type reaction with various electron deficient alkenes (RCH=CH); 
R=COCH, , COOR , CN) to produce adducts (276) (Zinner et al, 1965). 
The N-hydroxy group also added across the triple bond of acetylene 
dicarboxylic acid esters giving the adduct (277) (Winterfeldt and Krohn, 


1969). On the other hand, the reaction of 1-hydroxypyrrolidine (4) 
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with 2- or 4-vinylpyridines (278) resulted in the loss of the oxygen 
atom and gave pyridylethylpyrrolidine (279) (Thesing and Sirrenberg, 


1959). This ''abnormal" Michael reaction was found to proceed in the 


CH-—CH 4, res 
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(4) (278) (209) 
absence as well as in the presence of acidic (HOAc) or basic (Triton B) 
catalysts (Paquette, 1962). 

Treatment of N-hydroxypiperidine (23) with propylene 

oxide was said to proceed via O-alkylation to give 1-piperidinoxy -2- 
propanol (280) (Zinner and Ritter, 1962).. This report was discounted 
by Cannon et al (1969) who showed that the product was, in fact, the 
amine oxide (281). Based on this, the products obtained by the reaction 
of other N-hydroxy compounds with alkylene oxides (Zinner et al, 1965) 


would be worth a reinvestigation. 
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(I) Acylation and Sulfonation Reactions: 
Acetyl, benzoyl and sulfonyl chlorides react readily with 
cyclic N-hydroxy compounds to form acetate , benzoate and sulfonate 


derivatives. Acetic anhydride, benzoic anhydride as well as ketene 
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are also used for this purpose. Alternatively, cyclic acetoxy and 
benzoyloxy derivatives are obtained by the action of acetyl or benzoyl 
peroxide on the corresponding cyclic amines or by condensation 
reactions in which the acyloxy function is already present in one of 
the reacting components. 

1-Acetyloxypiperidine was prepared by the action of acetyl 
chloride, acetic anhydride or ketene on 1-hydroxypiperidine (Zinner , 
1957a). Similarly, treatment with benzoyl chloride yielded 1-benzoyl- 
oxypiperidine. Both these acyloxy derivatives were also prepared by 
reacting piperidine with the corresponding acyl peroxide (Gambarian 
and Kazaryan, 1933; Sammes, 1965; Zinner, 1958). Similar 
preparations of N-acetoxy and N-benzoyloxy derivatives of morpholine, 
indoles i imidazoles, pyrazoles, benzimidazoles and benzotriazoles 
are known; examples of these compounds are presented in table 1. 
There are cases, however, where dehydrated or rearranged products 
were obtained. For example, acetylation of 1-hydroxy-2-phenyl-1 ,2- 
dihydropyridine by heating with acetic anhydride gave only the de - 
hydrated product, 2-phenylpyridine (Kato and Yamanaka, 1965). 
Benzoylation of the same compound at low temperature was successful 
and yielded the O-benzoyl derivative. With 1-hydroxypyrazole 2- 
oxides (198), the acetyl and benzoyl derivatives (282) formed initially 
then rearranged to (283). Inthe absence of the N-oxide function, 
however , O-benzoyl derivatives could be isolated (Freeman and 


Gannon, 1969). 
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The N-hydroxycarboxylic acid esters (285) were prepared 
by the action of alkyl chloroformates on the N-hydroxy compounds 
(284) (Zinner , 1957; Zinner and Kliegel, 1966). Isocyanate deriva- 


tives also react with cyclic hydroxylamines to give N-carbamoyloxy 


a iN 
x —OH + cCICOOR ——» xX N—OC-—oR 
NBs), ey 


(284) X=CH, or O (285) 
derivatives (287) (Zinner and Kliegel, 1966; Akagane et al, 1969). 
CH 
Ce 3 CH. CH, 
RCNO = 
~«§ N-OH — OCONHR 
Ph h 
(286) (287) 


Sulfonate derivatives of N-hydroxy compounds are less 
stable than the corresponding acetates or benzoates and only a few 
O-sulfonates have been isolated. Zinner (1957, 1958, 1958a) des- 
cribed the formation of piperidine N-sulfonic acid (288) and piperidine 
N-oxysulfinic acid ethyl ester (289) by the interaction of 1-hydroxy- 
piperidine with sulfur dioxide and chlorosulfinic ester respectively. 


The stable tosylate (290) was also isolated (Freeman et al, 1959). 


HC CH, 
N N ee 
SO2— OH OSO,C,Hs5 OTs 
(288) (289) (290) 

On the other hand, attempts to prepare the O-sulfonate derivative (291) 
by reacting (83) with p-toluenesulfonyl chloride gave a rearrangement 
product which was formulated as (292) (Sundberg, 1965). Similar 
rearrangements were also observed (Tanida, 1959; Gassman and 


Hartman, 1972) during attempted sulfonation of other N-hydroxy 
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compounds. 

The possibility of employing N-acyloxy derivatives of 
cyclic hydroxylamine as acylating agents was studied by Sammes 
(1965). N-Benzoyloxypiperidine was found to react with benzylamine 
and with ethyl aminoacetate to give N-benzylbenzamide and hippuric 
acid respectively. N-acetoxypiperidine was also shown to be a 
reactive acylating agent. Beaumont et al (1965) as well as Young and 
Handford (1967) have demonstrated the usefulness of these esters and 
other esters of N-hydroxypiperidine in peptide synthesis and as 


selective acylating agents. 


(J) Reactions with Nucleophilic Reagents: 

The reactions of arylhydroxylamines and hydroxamic acids 
with different nucleophilic reagents including tissue nucleophiles 
(amino acids, proteins and nucleic acids) have been studied in great 


detail. However, only few of these reactions have been attempted 


with cyclic hydroxylamines or their alkyl, acyl or sulfonyl derivatives. 


The importance of these studies is to provide information on any 
interactions which might occur between cellular macromolecules and 
N-hydroxy compounds once they are metabolically formed in the body. 
Clark-Lewis and Katekar (1959) found that ethanolic 
hydrogen chloride converted the N-oxide (293) to the spiro-quinoxaline 
derivative (296, R=H). When hydrogen chloride was replaced with 


acetyl chloride , the l1-acetyl derivative (296, R=COCH3) was formed. 
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In view of the work on the interaction of phenylhydroxylamine with 


chloride ions (Heller et al, 1951; Ingold, 1953), it was proposed that 


rage 
+ 
NZ CON— CH3 CON— CH; 
i 
5 OQ 
(293) 
re 
N O O 
a Re 
N CH, CH, 
R 
(296) (295) 


the conversion of (293) to (296) proceeded via an N-hydroxy intermedi- 
ate (295). Attempts by Habib and Rees (1962) to prepare the latter 
compound failed, although, as described earlier in this introduction, 
they were able to prepare the structurally related N-hydroxypyrazine 
(208) by the action of ethanolic hydrogen chloride on 3 ,4-dihydro-4- 
methyl-2-(N-methyl-N-phenylcarbamy]l)-3-oxopyrazine 1-oxide(207). 
No chlorinated derivatives were isolated from this reaction. Similar- 
ly, refluxing a crude product containing 1 -hydroxyindole-2-carboxylic 
acid with methanolic hydrogen chloride results in the formation of its 
methyl ester without elimination of the N-hydroxy function (Baxter and 
Swan, 1967). Also, treatment of the 1-hydroxypyrazole (296) with 
lead tetracetate yielded the acetate derivative (297) in which the N-O 


bond remained intact (Freeman and Gannon, 1966). 
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Heating 1-ethoxybenzimidazole (298) with hydrochloric or 
hydrobromic acids in a sealed tube, caused cleavage of the C-O bond 
of the ethoxy group giving N-hydroxyimidazole (276) (Takahashi and 
Kano, 1964). On the other hand, the 2-alkoxy derivatives (299) were 


obtained when (298) was heated with sodium alkoxide. The same 


HCl 
or HBr 
CO . 
OH 
(226) (299) 


N-ethoxy compound (298) reacted with nucleophilic reagents such as 
hydrazine hydrate and sodium hydrogen sulfite to give 2-hydrazino- 
benzimidazole and sodium 2-benzimidazolesulfonate respectively, but 
it did not react with potassium cyanide except at elevated temper a- 
ture to give a poor yield of 2-benzimidazole carbamic acid. In 
these reactions, it was assumed that a nucleophilic reagent attacked 
the electron deficient 2-position of 1-alkoxybenzimidazoles, then 
elimination of alcohol occurred to give 2-substituted benzimidazoles 


(Takahashi and Kano, 1964). 
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Biochemically, glucuronide, sulfonate and acetate esters 
were found to be more reactive with tissue nucleophiles than their 
parent N-hydroxy compounds. Although enzymic O-acetylation of 
foreign compounds containing hydroxyl groups could not be demon- 
strated, O-acetate derivatives such as (300) and (302) have been used 
as model derivatives of their respective potential glucuronide or 
sulfonate conjugates. Compound (300) reacted in vitro with chloride 
ion or methionine to give 8-chloroxanthine (201, R=Cl) and 8-methyl- 


oe ea a (S01e R=SCH,) which are identical to two urinary 


co — ‘ae. 


(300) (301) 
metabolites of 3-hydroxyxanthine (Stbhrer and Brown, 1970). This 
reaction with methionine is reminiscent of the well studied (Lotlikar ; 
et al, 1966; Miller et al, 1966; Irving, 1970) interaction of the 
carcinogenic model compound N-acetoxy-N-acetyl-2-aminofluorene (302) 


with tissue nucleophiles. A proposed mechanism of the interaction of 


(302) with methionine is shown in scheme 1 (Miller and Miller, 1969). 
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-ciieala dh won Wisco signal en ogcnon mts zot 
been ased event (SOE) Bas (008) ea ean otsi00n-0 ‘ca 

xo eblaowwouly ishiaetog vestiges ‘boris to sovitevizob Tae Ae 
sbizold> thw oxjtv at betossr (O0€) bawoqen0D -eotegaines ome ing | 
-Dydten:-8 bas (D> , 10S) waarmee mp ot enlautéltecs 10 90k | ” 


yrenit ow? of [soitaebi ois dotiw (HOG +, TOE) sae eerie 


LE FORE « a 


(LOE) (00€) 
eiiT (OTOL .mworG bese t91dbI2) soidinsxyxo7tbyd-£ to eetifedatom 


* tetiljot) Betbute How addt te insoeiatme: af sninotdiem ditw solioset 
edi to mofttonyvetat (OTOL ,gatwal j;ddel . le t9 19llIM :00e! is i9- 
(SO£) snetovllonims-i-lyisss- Vi-yxotoos-1 bnvoqme2 isbom sisegonio 169 


lo noltes teint silt lo mainsdoem beeogotq A . asliiigosioun suselt ditw 


ee > oa 


.(@d01L , tveolliM bas 1elfiM) f emsidze of mwode 2 eninotdtem dsiw (SCR 


(K) Reactions with Electrophilic Reagents: 

The reactions of 1-hydroxy-2-phenylindole (83) with a 
number of electrophilic reagents were studied by Colonna and his 
co-workers. Treatment of (83) with aromatic nitroso compounds 
gave 2-phenyl-3-aryliminoindole 1-oxide (303) (Colonna and Bruni, 
1967, 1967a). An adduct of 1 -hydr oxy -2 -phenyl-3 -(phenylazo)indole 


(304) with (83) was formed when the latter was treated with phenyl- 
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diazonium chloride (Colonna and Bruni, 1964). The same N-hydroxy — 
compound (83) reacted with SNe dienophiles such as N-phenylmale- 
imide to yield 1 -hydroxy-2-phenyl-3-(N-phenylsuccinimidyl)indole (305) 
(Colonna and Monti, 1962). 

1-Hydroxypyrazole 2-oxides (198) reacted with nitrous 
acid in an electrophilic substitution reaction followed by oxidation with 
the excess acid to yield nitropyrazolenine 1 ,2-dioxides (306) (Freeman 


and Gannon, 1969). Ina similar reaction, 1-ethoxybenzimidazole 
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gave a mononitro derivative (307) when treated with a mixture of 
fuming nitric acid and sulfuric acid at room temperature and a dinitro 


derivative (308) on heating (Takahashi and Kano, 1964). 
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SCOPE OF THE PRESENT INVESTIGA 


The preparation of some novel cyclic N-hydroxy compounds 
was the primary objective of the research described in this thesis. 
Assumming that these compounds could be obtained, a study of some of 
their chemical and pharmacological properties was also desiveule in 
order tohelp understand the recent flow of biochemical studies in this 
area. This problem was approached by attempting the reductive cycli- 
zation of some aromatic nitro compounds which havea side chain with a 
carbonyl group suitably orientated with respect to the nitro group. 
Coutts and his co-workers (Coutts and Wibberley, 1963; Coutts, Noble 
and Wibberley, 1964; Coutts, Peel and Smith, 1965; Coutts, Barton and 
Smith, 1966; Coutts and Hindmarsh, 1966; Coutts and Smith, 1967). 
have shown that this type of compound can be reductively cyclized by 
sodium borohydride and palladium-charcoal and although under normal 
conditions , aromatic nitro compounds are normally reduced to amines, 
o-nitro esters e.g. (309), gave good yields of cyclic hydroxamic acids 


(310). This might be the most reliable method for the reductive cycli- 
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zation of a nitro ester to a hydroxamic acid (Bapat et al, 1969)7) The 
formation of cyclic N-oxy and N-hydroxy compounds by using the same 
reduction system has also been described (Coutts and Wibberley, 1963). 
The reduction of 4-(2-nitrobenzylidene) -2-pyrazolin-5-ones 
(98), compounds which possess a lactam carbonyl group, was investi- 
gated by Coutts and Edwards (1966). These authors claimed that thesce 
compounds cyclized to N-hydroxypyrazoloquinoline derivatives (99) when 
reduced with cyclohexene and palladium-charcoal; the catalyzed sodium 
borohydride reductions were less successful. This work was reinvesti- 
gated in this present study and this has shown that the products were not 
N-hydroxy compounds. The method was modified and other reduction 
systems were also used until some cyclic N-hydroxyindolines were success- 
fully prepared. These were characterized and a study of their chemical 
reactivity was undertaken. The mass spectra of these compounds as well 
as the mass spectra of some pyrazolone derivatives were also recorded 
and examined. During these reductions, other compounds including spiro- 
(tetr ahydroquinoline)pyrazolones were also obtained and characterized. 
These results suggested a reinvestigation of the reductions of 
4-(2-nitrophenylthio) -2-pyrazolin-5-ones (400) which was claimed (Pound, 
1970) to have yielded N-hydroxybenzothiazines (402). The same products 
described by Pound (1970) were isolated but were also found not to be 


N-hydroxy compounds. 
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DISCUSSION 


PART 1: REDUCTION OF SOME 4-(2-NITRO BENZYLIDENE)-2- 
PYRAZOLIN-5-ONES 
Introduction: 


The value of using sodium borohydride/palladium-charcoal 
for the reductive cyclization of some aromatic nitro compounds which 
possessed an acidic or an ester group in a position capable of under - 
going cyclization has already been discussed. Coutts and Edwards 
(1966) tried this method, among others, to reduce aromatic systems 
which possessed suitably orientated nitro and lactam carbonyl groups 
in order to obtain some novel cyclic N-oxides or N-hydroxy compounds. 
They prepared a series of 4-(2-nitrobenzylidene) -2-pyrazolin-5-ones 
(98) and reduced them using several methods which were known to 
yield N-oxides or N-hydroxy compounds in certain instances. The 
cyclic N-hydroxy compounds, 9-hydroxypyrazolol 3 ,4-b] quinolines 
(99 ) were reported to be among the reduction products obtained 


(Coutts and Edwards, 1966). 
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One of these reduction products ( 99a) was previously 
claimed (Narang et al, 1934) to be a product of the reduction of (98a ) 
by either aluminum amalgum, zinc dust and acetic acid or alcoholic 
hydrochloric acid. Narang et al (1934) suggested that this reduction 


proceeded through the hydroxylamine compound (315) which they also 


— | CH, 
phos fe) Nn 


(315) is 


claimed to have isolated. 


As this present investigation was aimed mainly at the 
preparation of some cyclic N-hydroxy compounds to study their 
chemical behavior and evaluate their pharmacological activity, this 


reported work was reinvestigated first. 


Preparation of some 4-(2-nitrobenzylidene) -2-pyrazolin-5-ones (318a-c). 


The three 2-nitrobenzylidene derivatives chosen for this 
investigation were: 3-methyl-4-(2-nitrobenzylidene)-1-phenyl-2- 
pyr azolin-5-one(318a), 4-(2-nitrobenzylidene)-1 ,3-diphenyl-2-pyra- 
zolin-5-one(318b) and 4-(5-chloro-2-nitrobenzylidene) -3 -methyl-1- 
phenyl-2-pyrazolin-5-one(318c). These were prepared by a known 
method (Coutts and Edwards, 1966) which involved heating of o-nitro- 
benzaldehyde (316a) or 3-chloro-6-nitrobenzaldehyde (316b) with the 
appropriate pyrazolone derivatives (317) in acetic anhydride containing 


anhydrous sodium acetate. 
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One of the pyrazolones required for this synthesis, 3- 
methyl-1-phenyl-2-pyrazolin-5-one (317a) was available commercially 
and the other, 1 ,3-diphenyl-2-pyrazolin-5-one (317b) was prepared by 


the interaction of ethylbenzoyl acetate with phenylhydrazine. 


Reduction of the O-nitrobenzylidene derivatives (318a-c) with sodium 
borohydride and palladium-charcoal. 
Method (A): Reductions in methanol. 

Initially , the reduction method used by Coutts and Edward, 
1966 was followed except that methanol was used as solvent instead of 
an ethanol-methanol mixture. The same products were isolated, i.e. 
the major amphoteric compounds which were claimed to be the 9- 
hydroxypyrazolo[ 3 ,4-b]quinolines (99 a-c), and the minor ones which 
Coutts and Edwards (1966) left unidentified. However, due to some 
difficulties in obtaining pure analytical samples of some of these 
derivatives , a modification in the reduction procedure was sought. 
Method (B): Reductions in 10% sodium hydroxide solution. 

The O-nitrobenzylidene derivatives (318a-c) were first 
reduced by means of sodium borohydride in dioxane solution. This 
resulted only in the reduction of the benzylidene double bond and 4- 
(2-nitrobenzyl) -2-pyrazolin-5-ones (319) were isolated in excellent 


yields. 
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Once the benzylidene double bond is reduced, these 
pyrazolones (319) become soluble in dilute alkali due to their ability 
to enolize. In view of this, catalytic (10% Pd-C) sodium borohydride 
reductions of the pyrazolones (319) were carried out in dilute sodium 
hydroxide solution. Acidification of the filtrate from the reaction with 
dilute acetic acid caused precipitation of the reduced products. 

By using this modified procedure, only one type of product 
was isolated. Although melting points were considerably higher than 
those of the amphoteric products obtained by reduction in methanol, 
they had the same solubility characteristics and the same i.r. spectra 
as thosé reported for the compounds prepared by Coutts and Edwards 
(T9eG), 

Narang et al (1934) concluded that the 9-hydroxypyrazolo- 
quinoline ( 99 a) was the reduction product of the pyrazolone ( 98 a) from 
a correct elemental analysis, and because the product was found to be 
soluble in both acids and alkalies. When Coutts and Edwards (1966) 
reduced the same compound ( 98a) and derivatives ( 98b~g), they 
concluded that in addition to the correct elemental analyses and 
solubility characteristics, the i.r. spectra of the reduction products 
were also in agreement with structure (99). Thei.r. spectra (solid) 
showed broad absorption in the 2100-3500 cm"! range with maxima 
between 2850 and 3090 em7! which was attributed to the N-OH function. 
Also a C=O absorption band was apparently absent from these spectra. 
Similar spectra were obtained when the pure samples obtained in the 
present investigation were examined as solids (KBr or nujol), but two 
additional medium size absorption maxima were located at ~3200 and 
] 


755 SOL OL © This was initially considered to be due to the ability of 
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such compounds ( 99) to tautomerise (320) and thus display an NH 


absorption band in addition to that of the N-OH function. However, the 
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(99) (320) 
plausibility of N-hydroxy structures (99) being formed at all, was 
seriously questioned when the n.m.r. and mass spectra of these 
reduction products were recorded and interpreted. 

The n.m.r. spectrum (in DMSO-d¢) of the amphoteric 
product obtained by reduction of the pyrazolone (319a), displayed two 
signals at 62.1 (CH3) and at §3.43 (CH) and an aromatic multiplet 
(12 protons). When the sample was shaken ih deuterium oxide, 
three protons within the aromatic area were found to be D-exchange- 
able. Three D-exchangeable protons, with almost the same chemical 
shifts were also found in the n.m.r. spectrum of the reduction 
product of the phenyl analog (319b). These three protons shifted 
upfield when CDCl, was the solvent used; in this solvent they appeared 
as a broad peak around 66.0. The presence of three D-exchangeable 
protons in each of these spectra does hot agree with the proposed 
structures (99 ==320) in which only one or two such protons would be 
expected. 

The mass spectra of the Sonne products (Fig. 1) dis- 
played molecular ions consistent with the molecular formulae of the 
proposed structures (99 a,b). However, the mode of fragmentation 
of these compounds under electron impact (Scheme 2) revealed that 


intact pyrazolone ring (ion b) was still present in the molecules. 
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The expulsion of an oxygen atom or an OH radical which might be 
expected from a cyclic N-hydroxy structure ( 99) was not demonstrated. 
Both of these losses were displayed by some authentic N -hydroxy 
compounds prepared and described later in this thesis. Instead, the 
expulsion of a molecule of water (to form ion d or e ) followed by 
the loss of a hydrogen atom (presumably to form the stable pyrazolo- 
quinoline f ) was observed (see Scheme 2). The absence of an 
(M<18).- ion in the mass spectrum of the related amine (416), in which 
the methylene group is replaced with a sulfur atom, suggested that one 
of the methylene hydrogen atoms is involved in the loss of a water 
molecule from the molecular ion of (321). This suggestion was also 
supported by the presence of an (M-18)* ion in the mass spectrum of 
the triacetylated derivative (326) (see Scheme 4, p. 94). 

At this point, it was concluded that the proposed structures 
(99 == 320 ) for the reduction products in question were not correct. 
The isomeric amine structure (321) was seen to fit all the previously 
described data. Such a structure is best written in its three possible 
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Portions of the mass spectra of 4-(2-aminobenzyl)-3-methyl-1 - 
phenyl-2 -pyrazolin-5-one (321la) and 4-(2-aminobenzyl)-1 ,3- 


diphenyl-2-pyrazolin-5-one (321b). 
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tautomeric forms which can be designated, using the nomenclature of 
Katritzky and Maine (1964) as the CH, NH or OH forms according to 


the position of the labile proton. 
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Two main reasons contributed to the earlier incorrect 
assignment of structure ( 99) to the amphoteric reduction products. 
The first was their solubility in dilute alkali solutions which was 
believed to be due to the acidity of the N-hydroxy function. It is true 
that some cyclic hydroxylamines such as (255) (Kato and Yamanaka, 


1965) and (7, R=Ph) (Sundberg, 1965) are soluble in alkalies. How- 


C eu neat 
H- 
i. N N7“ ‘Ph 
| H 
OH 5 


(255) (7) (322) 
ever, some other related compounds such as (7, R=CH3) (Acheson 


et al, 1970) and (322) (Kato and Yamanaka, 1965) are known to be only 
very weakly acidic and do not dissolve in alkali solutions. 

The second reason which is probably more important, was 
the fact that C=O absorption was apparently absent from the i.r. 
spectra of the reduction products when solids were examined. This 
was taken as an indication that cyclization involving the lactam C=O 
groups had occurred. It is now revealed that C=O absorption can be 
demonstrated in both solution and solid spectra of the reduced com- 
pounds. Dilute solutions (2%) of the amines (32la,b) in chloroform, 
gave spectra which displayed a C=O absorption band at 1712 em”! for 
(321a) and at 1711 cm7! for (321b). This indicated that the amines 
existed mainly in the CH form in chloroform (Newman and Pauwels, 
1969). These bands completely disappeared when the more polar 
dimethylsulfoxide was used as a solvent. Instead, another C—O 
absorption doublet was present at 1660 cm! (average) for (321la) and 
at 1654 cm7! (average) for (321b). This shift in the carbonyl 


absorption is expected when the NH form is present since the . 3 
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pyrazolone ring is comparable to an x, /%-unsaturated ketone in this 
tautomer (Nakanishi, 1962). The multiplicity of these bands and their 
occurrence at lower frequencies than expected are considered to be due 
to hydrogen bonding with solvent. The presence of the OH form, in 
addition to the NH form, in dimethylsulfoxide was indicated mainly by 
the CN absorption bands around 1603 cm°!, 

A closer look at the i.r. spectra of these amines (32]) in 
the solid form, revealed the presence of a strong absorption band at 
1628 cm7! in (321a) and at 1625 cm} in (321b). The possibility of 
these bands being due to a C=O absorption was not considered initially 
and they were assigned to C—N absorption. However, the absence of 
similar bands inthe spectra of intermediate pyrazolones (319) and 
their presence in those of some amine derivatives e.g. (324) which 
should be devoid of a C=N double bond, suggested that these bands 
might be due to a bonded C=O absorption. To examine this possibility, 
the i.r. spectra of the pyrazolones (317) and (319) were recorded in 
the solid form. In agreement with some of the earlier reports* 

(Pelz et al, 1960; Refn, 1961), 3-methyl-2-phenyl-1-pyrazolin-5-one 
(317a) and 1 ,3-diphenyl-2-pyrazoline-5-one (317b) were found to exist 


only in the OH-forms in the solid state. The lack of any C=O 


ie I ia i 
N NH 
Nie ie HO N~ 
Ph h Ph 
(317) CH form] (317) CNH form] (317) COH form) 


* Katritzky and Maine (1964) considered that, except in special cases, 
all pyrazolones including (317 a) and (317b) exist in the solid state 
as strongly bonded NH-form which are capable of proton transfer 
to give the OH-form. 
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absorption confirms the absence of any contribution from the CH or 
NH-forms. The C=N absorption bands in the spectra were located at 
1606 cm~! in (317a) and at 1601 cm~! in (317b). The two 4-(2-nitro- 
benzyl) -2-pyrazolin-5-ones (319a,b) were also found to exist in OH 
forms in the solid state. Their spectra displayed broad OH absorp- 
tion bands between 2400 and 3200 cm7! and C=N absorption was 
assigned tothe bands at 1605 and 1604 for (319a) and (319b) respectively; 
no other absorption was demonstrated in the 1600-1800 cm} region. 

In the spectra of the amines (321), the absorption bands at 
1604 for (321a) and 1600.for (321b) could be assigned to the CIN 
absorption in agreement with the nitro analogs (321a) and (321b). 
Accordingly, the other strong absorption bands at 1628 and 1625 cm7! 
in (321a) and (321b) respectively must be due to a bonded C=O 
absorption. This could be due to the contribution of the NH tautomer 
in addition to the OH tautomer in the solid state. In the NH tautomer, 


1 


the C=O absorption is expected to be around 1670 cm  , but this could 


be shifted to a lower frequency due to the presence of a strong inter- 
molecular or intramolecular hydrogen bonding. The possibility of the 
latter was indicated by the presence of the amine absorption maxima at 
unusually low wave numbers [3200 and 3345 cm7! for (32la) and 3170 
and 3350 for (321b)]. A case in which a lactam C=O group was found 
to absorb at such a low frequency was reported by Newman and Pauwels 


: was assigned 


(1969). In the pyrazolone (323) a band found at 1620 cm™ 
to the intramolecularly hydrogen bonded lactam C=O group. 
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The assignment of the absorption band around 1625 cm7! in 
(321) to a C=O absorption was substantiated by examining the i.r. 
spectra of some of the derivatives of the amine (321). When the mono- 
methylated derivatives (324) were prepared (see later), two strong 
absorption bands were located at 1624 and 1630 cm! in the solid 
spectra of compounds (324a) and (324b) respectively. In these struc- 
tures no tautomerism is possible and accordingly a C=—N absorption 


should not be present; only C=O absorption is expected which must 


3 
(324) Ph 
a, R= CH3 
b, R= Ph 


be the origin of these bands mentioned above. 


On the other hand, the dibenzoyl derivative (325) and the 


ss 1“. 


| COCH Ph 
COPh COPh py, 3 COCH, 
(325) (326) 
as; R= CH3 
b, R= Ph 


triacetyl derivatives (326) will show C=N absorption bands. These 


bands were found at 1600 em! 


in the dibenzoyl derivatives (325) and 
at 1600 and 1595 pais in the triacetyl derivatives (326a) and (326b) 
respectively , and apart from the acyl C=O absorptions, no other 
bands were present in the 1600-1800 cm~! region. 


This, added to the above discussion, provides conclusive 


evidence that the strong absorption bands present around 1625 cm™! 
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in the i.r. spectra of the solid amines (321) are actually due toa 
strongly bonded lactam C=O absorption. Accordingly, these amines 
are best represented by both the NH and OH forms, rather than by the 
CH form. 
Some derivatives of 4-(2-aminobenzyl)-2-pyrazolin-5-ones (321la,b): 
Methyl derivatives (324) of the amines (32la, 321b) were 
prepared by reacting them with dimethylsulfate. N-Methyl deriva- 
tives (324) were the only products obtained although theoretically, 


two other isomers (327 and 328) were possible. Evidence in support 


of the N-methyl structure was the presence of a three-proton signal at’ 


R 
H, O NCH, 
(324) Ph 
CH 
R 3 R 
| 
CH.O O ZN 
No 3 NH, N 
Ph Ph 
(327) a, R= CH, (328) 
b, R= Ph 


§2.98 in the n.m.r. spectrum of the methylation product from (321 a) 
and a similar signal at $2.91 in the product from(32lb). This 
chemical shift is similar to that of the N-methyl signal of antipyrine: 


(329) and aminopyrine (330) which come tp resonance at § 2.95 and 


CH, eae GH, 
soo >N-—= 
CH, 
O “CH; = tHe 
[AZO )ataeh (330) Ph 


2.90 respectively. Methylation at C-4 was ruled out by the absence 


of a C=O absorption band near 1720 cman (Katritzky and Maine, 1964) 
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in the spectra of both methylated derivatives. These results are in © 
agreement with the fact that it is easier to methylate at the N-2 rather 
than at the C-4 position of the pyrazolone ring (Wiley and Wiley, 1964). 
Methylation of 3-methyl-1-phenyl-2-pyrazolin-5-one(317 a) is known 
(Bodendorf and Raaf, 1955) to occur at N-2 when dimethyl sulfate is 
used as an alkylating agent. When the pyrazolone (317a) was treated 
with dimethyl sulfate under the same conditions used to prepare (324), 
only N-methylation occurred and antipyrene (329) was the single product 
isolated. 

Additional evidence to confirm the presence of the N-methyl 
function in the methylation products was obtained from an examination 
of the mass spectra of both compounds. Molecular ions of m/e 293 
and m/e 355 were present in the spectra of (324a) and (324b) respec- 
tively. The methyl derivative (324 a) displayed a strong fragment 
ion (97% of the base peak) at m/e 56 which corresponds to 
GHs=-G=N GH: wpe MSs hme é=N—CHy. This fragment was also 
the base peak in aminopyrine (330) and in the pyrazolone (408) which 
is described later in this study. Similarly, the strongest ion in the 


mass spectrum of the phenyl analog (324b) was at m/e 118 which 


+ + 
corresponds to CgH,—-C=N—CH3 C,H, -G=N—CH3. 


yA 


CH, 


CH3 nw CH, 


h 
A relatively strong (M-30) fragment ion was observed in 


(408) 


the spectra of both (324a) and (324b). An accurate mass measure- 
ment of this ion (m/e 325) in compound (324b) identified it as 


C22H)7N20 and showed that it was formed by the expulsion of CH4N 
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from the molecular ion. <A metastable of m/e 297.55 suggested a 
direct fragmentation, C43H)7N30-CH,N ————— C59Hi7N5,0 and 
supported the previous conclusion that an N-methyl group was present 


in (324b). 


The action of benzoyl chloride on the amine (321a) pro- 
duced a dibenzoy! derivative identified as (325) from its edemental 


analysis.(Co7H>eN303); ipr., n.m.nes and=mass spectra, plheia.r. 
| CH; 
Ny (325) 
ieee 
h 
COPh COPh 
spectrum (solid) (325) displayed two C=O absorption bands at 1645 


cm. (NHCOPh) and at 1760 cm7! (OCOPh) and an NH absorption band 
at 3315cm7!, Then.m.r. spectrum (CDC1,) showed a methyl signal 
at $2.12, a methylene signal at 63.8, an aromatic multiplet between 
6.8 and 7.9 (19 protons) and a D-exchangeable proton at §8.0 (NH). 
This compound was insoluble in sodium hydroxide which 
indicated that the labile proton in the pyrazolone ring was replaced 
during benzoylation. A carbonyl stretching frequency of 1760 cm7! 
supports the proposed ester structure (325). Also, inthe mass 
spectrum of (325), the molecular ion was at m/e 487, and fragmented 
initially by the expulsion of benzoyl (PhCO) and benzoyloxy (PhCOO) 
radicals and a benzoic acid molecule. The presence of two strong 
metastables at m/e 275.06 and 273.65 respectively suggested that the 


last two expulsions were direct fragmentations of the molecular ion. 
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Acetylation of the amine derivatives (32la and 321b) by 
heating with acetic anhydride for one hour gave monoacetyl deriva- 
tives. However, when heating was prolonged, triacetyl products were 
isolated. These were identified as 4-(2-acetylaminobenzyl)-1-phenyl- 
2-pyrazolin-5-ones (332) and 5-acetyloxy-4-(2-diacetylaminobenzyl) - 


1-phenylpyrazoles (326) respectively. 


Due to their ability to enolize , the monoacetylated 


derivatives (332) were soluble in dilute alkali solutions. They 
analyzed correctly for C,gH)9N30, (332a) and C24H2)N302 (332b) 
and the i.r. spectrum of each displayed two C=O absorption bands 
attributable to the amide and lactam functions. The mass spectrum 
(Fig. 2) of (332a) had a molecular ion at m/e 321 which fragmented 
initially by the expulsion of a water molecule, a ketene molecule 
and a CH,CONH radical to give ions a, b and c respectively. The 
fragmentation pathways and some of the fragment ions formed in 

the spectrum of this compound are tentatively identified in 


Scheme 3. 
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Fig. 2: <A portion of the mass spectrum of 4-(2-acetylaminobenzy]l) -3- 
methyl-1-phenyl-2-pyrazolin-5-one (332a). 
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Both triacetyl derivatives (326) dissolve slowly in dilute 
alkalis. When the alkaline solutions were acidified, they yielded the 
monoacetyl derivatives (332). The elemental analyses as well as the 
i.r.,n.m.r., and mass spectra supported the proposed structures 
(326a and 326b). Bothn.m.r. spectra displayed a six-proton signal 
for the N-diacetyl function, a three-proton signal for the O-acetyl 
group, a methylene signal and an aromatic multiplet. Thei.r. spectra 
was devoid of any NH or OH absorption bands. The methyl derivative 
(326a) displayed three strong C—O bands at 1790 cm! (OCOCH,) , and 


1 


at 1685 and 1730 cm "due to the N,N-diacetyl doublet (Grove et al, 


1956). Inthe i.r. spectrum of the phenyl analog (326 b), the corres- 
ponding bands appeared at 1793, 1705 and 1718 emi+, ‘The presence 
of the carbonyl absorptions of the N ,N-diacetyl function at a higher 
frequency than the carbonyl absorption bands of the monoacetyl 
compounds (332) has already been commented upon (Abramovitch, 
1957). However, the ester carbonyl absorption near 1790 cm! is 
unexpected and should be contrasted with the values of 1770 cm"! for 
phenyl acetate (Witkop and Patrick, 1952; Grove et al, 1956). The 
reason may be the presence of bulky substituents in the o-position | 
(c.f. Schubert and Saveeney, 1955). 

The triacetylated derivative (326a) fragmented mainly by 
successive expulsions of two ketene molecules to yield the molecular 
ion of the mono-acetylated compound (332a). The(M-42)* ion (a) 


also expelled a water molecule to give a relatively strong ion of 


m/e 345 (Fig. 3, Scheme 4). 
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A portion of the mass spectrum of 5-acetyloxy-4-(2-diacetyl- 
aminobenzyl)-3-methyl-1-phenylpyrazole (326a). 
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Scheme 4 


Attempts were made to prepare the O-acetyl derivatives 


(335) through the reduction of the 5-acetyloxy-4-(2-nitrobenzyl)-1- 


phenylpyrazoles (334). The latter compounds were prepared by treat- 


ing the nitropyrazolones (333) with acetic anhydride. The presence of 
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O-acetyl functions in the products was confirmed by i.r. spectroscopy 
(1781 em! in 334a and 1790 cm”! in 534b), by Bem. 5. 4O-COCH> 
protons came to resonance at § 2.03 in 334a and § 2.02 in 334b) and 
by mass spectral fragmentation (direct loss of CH3COO° radical from 
the molecular ion). When the O-acetyl compounds (334) were reduced 
either by catalytic hydrogenation over platinum or by sodium boro- 


hydride/palladium-charcoal in dioxane, oily products were obtained. 


R (CH3CO) 0 
SS 


a, R= CH, 


b, B= Ph 
The only crystallizable compounds isolated were the N-acetyl deriva- 
tives (332) rather than the desired O-acetyl derivatives (335). Identi- 
fication of these compounds was done by comparison with authentic 
samples prepared and described earlier. The isolation of such 
products indicated that the acetyl group, originally attached to the 
oxygen atom of the pyrazole ring, migrated to the amine function 
once the latter was formed. Such migration of acyl residues from 
oxygen to nitrogen (O—=N) or vice versa (N—= O) is a common 


phenomenon which occurs, for example, with all «-amino-#-hydroxy 
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compounds in the aromatic , hydroaromatic and aliphatic series 

(Witkop and Patrick, 1952). Examples of 1 ,3-acyl migrations have 
also been demonstrated (Miller, 1965) and examples of acyl migrations 
involving different pairs of heteroatoms are known and have recently 
been reviewed by Akabori (1965) and by Pavlova and Rachiniskii (1968). 
Also, Tani et al (1964), reported some acyl exchange reactions between 
N-acyl lactams and amines, but no examples comparable to the one 
shown in this present study between the O-acetyl lactam and the amine 
function seem to have been reported. In this instance, the amine and 
acetyl group seem suitably orientated to allow this migration to occur 
intramolecularly (Scheme 5) although an intermolecular migration 


cannot be ruled out. 


Scheme 5 


(332) 


The final piece of evidence sought in order to confirm the 
amine structure (321) was to attempt a preparation of Schiff bases 
(336) through the condensation of these amines with some aldehydes 
and ketones. However, Schiff bases were not isolated. Instead, 


the products cyclized to spiro-tetrahydroquinoline Pee (33.0%) 
| 


R OLN 
“CR'R" | R! 
Ph ~ ‘ 
(336) (337) # 


the formation and identity of which will be discussed in detail in a 


later section. 
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Method (C): Reductions in dioxane. 

It is well known that metal hydride reductions are often in- 
fluenced by the nature of the solvent used (Brown, 1962; Coutts, 1969). 
This fact led to a repeat of the sodium borohydride/ palladium -charcoal 
reductions just described, in another solvent to determine whether this 
might facilitate cyclization to the desired N-hydroxy compounds. 
Coutts and his co-workers (Coutts and Wibberley, 1963; Coutts and 
Hindmarch, 1966) found dioxane to be a suitable solvent for their cataly- 
tic sodium borohydride reductions. This solvent was also used for the 
reduction of some 4-(2-nitrobenzylidine) -2-pyrazolin-5-ones (98) but 


the reduction products were left unidentified (Coutts and Edwards, 1966). 


i) Reduction of 3-methyl-4-(2-nitrobenzylidene) -1-phenyl-2-pyrazolin- 
5-one (318a). 


This reduction was repeated with some modification to the 
literature method (Coutts and Edwards, 1966). When hydrochloric 
acid was used to decompose the surplus hydride and precipitate the 
acidic products, a yellow impure solid was obtained. Replacing hydro- 
chloric acid with acetic acid produced a white solid which was easily 
purified by fractional crystallization to yield three compounds. The 
major product was identified as the cyclic N-hydroxy compound, spiro- 
L(1-hydroxyindoline) -2 ,4'-(3'-methyl-1'-phenyl- 1H-pyrazolin-5-one) ] 
(338). The other two products were spiro[ (indoline-2 ,4'-(3'-methyl- 
1'-phenyl-1H-pyrazolin-5'-one) ] (339) and the previously described 
amphoteric amine (321la). 

The identity of the N-hydroxy compound (338) was based 
initially on the observations that it reduced Tollen's reagent and that 


it analyzed correctly for C,H, 5N,0, , a formula verified by the 
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CH3 
CH, — 
NaBH,4/Pd-C 
i 
Dioxane . N—Ph 
OH 
(338) 
aa 
H 
3 
CH = 
[| + 
N 
H, O \e N—Ph 
H 
Ph 
(321a) (339) 


presence of a molecular ion at m/e 293 in its mass spectrum. In the 
presence of alkali, this compound gave a purple-red color with tri- 
phenyltetrazolium chloride, a reaction which is claimed to be specific 
for hydroxylamine derivatives (Snow, 1954; Rogers, 1955). That the 
pyrazolone ring still remained intact was clear from the i.r. spectrum 
which showed a C=O absorption band at 1690 cm7!. This C=O is 
present at a lower frequency than that usually demonstrated in 5,5- 
disubstituted pyrazolone derivatives. However, an intramolecular 
hydrogen bonding with the N—OH groups is possible in such a structure 


(338) in which the donor and the acceptor groups are in peri position. 


Katritzky and Logowski (197lc) described a similar effect in 8-hydroxy- 


quinoline-1l-oxide and its azo derivative (340). Support for hydrogen- 
CH3 PhN=N 
a = 
4 NPA Ny 
: | 
H oy 
(338) (340) Rong 


bonding in (338) is the position of the i.r. O+H stretching band which 


was broad and of low frequency centered at 3275 aia ; 
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Another argument in favor of the cyclic structure (338) was 
the lack of solubility of this compound in dilute alkalis, a property 
shown by all pyrazolones having a hydrogen atom at C-4. This 
cyclization was not unexpected since the hydrogen atom at C-4 is known 
to be very reactive; it undergoes the characteristic condensation and 
substitution reactions of an active methylene group (Wiley and Wiley, 
1964 ). Once the C-4 position is aisunerrered® the acidity of the 
pyrazolone ring becomes so weak that it is now essentially neutral 
(Wiley and Wiley, 1964. ). 

The n.m.r. spectrum of this compound (in DMSO-d¢) dis - 
played a methyl signal at §3.28, a slightly broad methylene signal at 
§3.28, and a one-proton signal at $9.67 which exchanged with deuterium. 
Assignment of this D-exchangeable signal to the N—OH function is 
consistent with some earlier reports (Kato and Yamanaka, 1965; 
Acheson et al, 1970; Schweizer and Kopay, 1972). The appearance 
of the two methylene protons as a broad singlet was not expected since 
these two protons are non-equivalent. However, this appears to be 
only a solvent effect since the n.m.r. spectrum repeated in pyridine 
displayed, for these methylene protons, a doublet of doublets witha 
geminal coupling constant of 16 Hz. Also, in pyridine, the N-OH 
signal appeared further downfield as a broad peak centered at 512.1. 

Initially , two other isomeric structures(315 and 341) were 
considered along with the N-hydroxy structure (338) for the major 
reduction product of (318a). The hydroxylamine structure (315) 
suggested by Pound (1970), was only a remote possibility since the 
benzylidine double bond would be reduced under the reduction condi- 


tions used. The sodium borohydride reduction of this double bond 
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with dioxane as a solvent was demonstrated earlier. The presence of 
only one D-exchangeable proton and a methylene signal in the n.m.r. 


spectrum of this product completely ruled out the hydroxylamine 


formula (315). The isomeric structure (341) was a mors serious 
I 
N 
ss : CH, 
HOH o4\,-N ae 
| N~ 
Ph H 
(315) (341) 


possibility due to the fact that it is compatible with some of the i.r. 
andn.m.r. spectral data. However, the fact that the product isolated 
was neutral suggested that such a structure is not appropriate. Com- 
pound (341) is expected to be basic because it is known that the related 
isoxazolidines (cyclic 5-membered-NH-O-compounds) are strong 
bases (Quilico, 1962). 

The mass spectral fragmentatation pattern of the product 
C,7H)5N30,5 was very helpful in confirming the appropriateness of the 
cyclic N-hydroxy structure (338). As will be discussed in detail 
later, the expulsion of an oxygen atom and a water molecule as well 
as the direct loss of an OH radical from the molecular ion were of 
special diagnostic value. Also, the chemical reactivity of this 
compound (including reduction, oxidation, acylations, sulfonation and 
reactions with nucleophiles) proved beyond any doubt that the N-hydroxy 


structure (338) was correctly assigned. 


The minor products of the reduction of the pyrazolone 


(318a) were identified as the amine (321la) and the indoline (339). The 
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former was identified by comparing its spectral properties with those 


reported earlier. The indoline (339) was identified by its elemental 


analysis (C; 7H; 5N30), its mass spectrum (M* at m/e Zia Manarit skier . 


and n.m.r. spectra. The NH absorption band at 3305 cm! and the 
lactam C=O band at 1725 cm7! were both at a higher frequency than 


the corresponding bands of the hydrogen bonded N-hydroxy indoline 


(338)..9| The n.mer. spectrum (CDC1,) displayed an NH signal at 65.57 


(exchangeable with DO), a methyl signal at $2.09, an aromatic 
multiplet (9 protons) and a methylene signal in the form of a doublet 
of doublets centered at §3.33. The mass spectral frapeientarion of 
this spiro-pyrazolone (339) and some other related compounds will 
be discussed in detail in a later section. 

ii) Reduction of 1 ,3-diphenyl-4-(2-nitrobenzylidine) -2-pyrazolin- 
5-one (318b). 

Reduction of compound (318b) with sodium borohydride/ 
palladium -charcoal in dioxane was carried out in a similar manner 
to that described for the methyl analog (318a). In this case, only 
two products were obtained. The major one was identified as spiro - 
[(1 -hydroxyindoline)-2 ,4' -(1' ,3'-diphenyl-1H-pyrazolin-5! -one) ] 
(342) while the minor one was found to be the previously described 


amphoteric amine (321b). Identification of (342) was based on its 
tia : Ph NaBH4/Pd-C 


dioxane 
Oz ‘a 


idle 


(318b) 


(321b) Ph 
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elemental analysis (C5 2H) 2N30)) as well as its physical and chemical 
properties. It reduced Tollen's reagent and gave a positive reaction 
with triphenyltetrazolium chloride. Its i.r. (N-OH band at 3347 and 
C=O band at 1696), n.m.r.(exchangeable N—OH signal at §9.8, 
methylene signal at 63.47 and a 14 proton aromatic multiplet between 
§6.7 and 8.3) and mass spectra (expulsion of O, OH and H,0 from the 


molecular ion) were very similar to those of the methyl analog (338). 


Reactions of Cyclic N-Hydroxyindoline Derivatives (338 and 342). 


The chemical properties of aromatic hydroxylamines and 
hydroxamic acids have been studied in some detail. Fewer studies on 
cyclic hydroxylamines have been reported. Since some stable N- 
hydroxy compounds were prepared in the present study, a brief investi- 
gation of their chemical reactivity was made. The reactions studied, 
which could be of biochemical significance , were as follows:- 

a) Reduction 

b) Oxidation 

c) Attempted dehydration 

d) Reactions with nucleophiles 

e) Acylation and sulfonation reactions 

f) Methylation 
a) Reduction: 

The N-hydroxy function of cyclic hydroxylamines can be 
reduced to an NH function by various reducing agents including zinc 
and acids, phosphorous and hydroiodic acid, tin and hydrochloric acid, 
sodium hydrosulfite and lithium aluminum hydride. Catalytic hydro- 
genation over metals is also used for this purpose. However, in 


certain instances (Loudon and Wellings, 1960; Kato and Yamanaka, 
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1965) such reductions do not occur. 

In the present study, the N-hydroxy compound (338) was 
found to be smoothly reduced by catalytic hydrogenation over platinum, 
to give an almost quantitative yield of the cyclic amine (339). The 
same compound was also isolated when the reduction was carried out 
using iron and ferrous ammonium sulfate or zinc and ammonium 
chloride. Both reductions were performed in aqueous ethanol. In 
none of these reductions was the double bond in the pyrazolone ring 


affected. CH3 CH, 


Reduction 


(338) HO (339) 

Similarly , reduction of the phenyl analog (342) using the 
same reducing agents yielded the amine, spiro[ (indoline)-2 ,4'-(1' ,3'- 
diphenyl-1H-pyrazoline-5'-one) ] (343). This compound analyzed 
correctly for C,,H,7N,0 (M* = 339). Its i.r. spectrum displayed 
an NH absorption band at 3485 enna while its n.m.r. spectrum 
(DMSO -d¢) showed a D-exchangeable one-proton signal at $4.6, a 
two-proton methylene singlet at 6 3.5 and an aromatic multiplet which 


integrated for 14 protons . Ph 


(343) 
b) Oxidation: 
Relatively mild oxidation will convert some cyclic N-hydroxy 
compounds to the corresponding nitrones. Frequently, this is done in 


the absence of any catalyst by simply bubbling air through solutions of 
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the N-hydroxy compounds or by allowing solutions to stand in the 
atmosphere for several days at room temperature (Kato and Yamanaka, 
1965). However, in most instances, a catalyst is required before 
oxidation takes place. Cupric acetate-ammonia, potassium ferri- 
cyanide and mercuric oxide have all been used successfully for this 
purpose. 

Due to the susceptibility of the pyrazolone ring to oxidiz- 
ing agents ( Wiley and Wiley , 1964 ), an attempt to oxidize the N- 
hydroxyindoline (338) by bubbling air through its solution in tetra- 
hydrofuran or aqueous ethanol was performed, but it failed to have 
any effect. Therefore, copper sulfate-ammonia, which was used 
extensively for this purpose by Brown et al (1959) was tried as a 
catalyst. Air was bubbled for several hours through a solution of 
(338) in aqueous ethanol, to which was added small amounts of copper 
sulfate and ammonia. Crystallization of the crude product gave a 
dark brown compound which, despite difficulty in getting a pure 
sample for elemental analysis, is believed to be the cyclic N-oxide 
(344). The mass spectrum of this compound displayed a molecular 


ion at m/e 291 which corresponds to the formulation C H)3N O 


17 pas Ap 
It liberated iodine from potassium iodide solution, a property common 
CH3 
macros I 


vol ed 


onde 


(344) 
to N-oxides (Katritzky, 1956). Its i.r. spectrum was devoid of any 


amine or hydroxy absorption, and it displayed a carbonyl band at 


=i 


1728 cm” which was located at a higher frequency than that of the 
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N-hydroxy compound (338) due to the lack of any hydrogen bonding. 
The n.m.r. spectrum (CDCl3) had no D-exchangeable protons; it 
displayed only two signals, a methyl singlet at 6 2.07 and an aromatic 
multiplet between §6.7 and 8.2 (10 protons). 

c) Attempted Dehydration: 

Due to the presence of a labile benzylic proton in the 
indoline ring, the dehydration of this N-hydroxy compound (338) was 
expected to proceed readily. Heating this compound with 10% sulfuric 
acid in methanol resulted in decomposition of the pyrazolone nucleus 
and the product isolated was not identified. When the same reaction 
was repeated at 0°, the pyrazolone ring was not affected. However, 
the desired product (345) was not formed; instead, a methoxylated 


compound, resulting from the nucleophilic attack of methanol on the 


CH3 


ea 


(345) 

benzene ring, was obtained. The same type of reaction happened when 
methanol was replaced with a mixture of dioxane andwater; this led 
to a hydroxylated derivative. The formation and identification of 
both these products will be discussed in the next section. 
d) Reactions with nucleophiles: 

Phenylhydroxylamine rearranges in acid media to yield 
o- and p-aminophenol with varying amounts of azobenzene, azoxy- 
benzene, aniline and nitrobenzene (Bamberger, 1921, 1925; Yukawa, 
1950). When this reaction was carried out in the presence of nucleo- 


philic species other than water, such as methanol, aniline or chloride 
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ions, the corresponding ortho and para substituted anisidine, semi- 
dines and chloroanilines respectively were formed. Similar reactions 
were also observed by Kock (1887) and Robertson and Evans (1940). 
Heller et al (1951) formulated the mechanism of these nucleophilic 
reactions in an oo manner, but they did not rule out the possibility 
of an SN? type reaction. Their proposed mechanism, for a para 


rearrangement, is illustrated in Scheme 6 in which Y could be any 


-H,0 ie Y: ays 
ee od Nel aa: NH 


+ 
NH~ PH, H 
Pe 


Scheme 6 
accessible and reactive nucleophilic molecule or anion. 

Various examples are now known of different nucleophilic 
reagents reacting with aromatic hydroxylamine and hydroxamic acid 
derivatives. Reactions in which the nucleophile is a halogen (Coutts 
and Pound, 1970; St&bhrer and Brown, 1970), oxygen (Gassman and 
Campbell, 1971), sulfur (Boyland et al, 1962; Edward and Whiting, 
1971), nitrogen (W8lcke et al, 1969) or carbon (Takahaski and Kano, 
1964) species have been reported. However, few of these reactions 
have been attempted with cyclic hydroxylamines. 

In this study, different nucleophilic species, i.e. chloride 
ion, water, methanol and acetic acid, were reacted, in acidic media, 
with the N-hydroxy compound (338). In each case, it was deduced 
that a 5-substituted indoline derivative (346) was obtained. The 
preparation and structural elucidation of these compounds are now 


described. 
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(346) 
a; Jh= Gl 
b; R= OCH, 
c; R= OH 
d; R= OCOCH, 

When hydrogen chloride was bubbled through a cold solution 
of the N-hydroxy compound (338) in tetrahydrofuran, a black semi- 
solid product was obtained. Chromatography of this product on a 
silica gel column, yielded spiro-[ (5-chloroindoline) -2 ,4'-(3'-methyl- 
1'-phenyl-1H-pyrazolin-5'-one)] (346a) as acrystalline solid. This 
compound was identified by its elemental analysis (C, 7H, 4C1N30) as 
well as its spectral properties. The i.r. spectrum displayed C=O 
and NH absorptions. A methyl signal, a methylene doublet of doublets, 
an 8-proton aromatic multiplet and an N—H signal were present in the 
n.m.r. spectrum. The location of the chlorine atom in the product 
(346a) was suggested from the ample literature evidence that when 
hydrochloric acid and other nucleophilic reagents react with aromatic 
hydroxylamines , p-substituted amines are the major products isolated 
(Bamberger, 1925; Robertson and Evans, 1940; Coutts and Pound, 
1970). However, confirmatory evidence could not be obtained from 
examining the n.m.r. spectrum of the product since the aromatic 


signal was complex and could not be easily interpreted. 
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This location of the chlorine atom became more significant 
when another isomeric chlorinated compound was obtained, as a by- 
product, by the action of acetyl chloride on the hydroxylamine (338) in 


benzene. Both. these compounds analyzed correctly for C C1IN30 


17Ai4 
and displayed very similar mass spectra but their melting point, i.r. 
and n.m.r. spectra were different. Therefore, it was found necessary 
to prepare an authentic sample of (346a) for comparison purposes. 
3-Chloro-6-nitrobenzaldehyde (316b) was condensed with 
3-methyl-1-phenyl-2-pyrazolin-5-one (317a) and the product (318c) 
was reduced with sodium borohydride and palladium-charcoal in 
dioxane. Spiro [ (5-chloro-1-hydroxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one) ] (347), C1 7H, 4C1N302 » was isolated 
and identified from its physical and chemical properties which were 
similar to those of the other N-hydroxyindolines (338) and (342). 
Catalytic hydrogenation of (347) over platinum yielded the 5-chloro- 
indoline (346a). Comparison of the spectral dataand melting points 


of this compound with those of the product obtained by treating (338) 


with hydrogen chloride proved that both were identical. 
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Heating the N-hydroxy compound (338) with methanol in the 
presence of a catalytic amount of sulfuric acid, resulted in decomposi- 
tion. When this reaction was repeated and the reaction mixture left 
for 12 hours at 0°C, a dark green solution was obtained from which 
was isolated a colorless compound identified as spiro [ (5-methoxy- 
indoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (346b). 


This structure was assigned for the following reasons: the product 


CH30 —N 


(346b) 

analyzed correctly for Cy gH17N302 and its mass spectrum displayed 
a molecular ion at m/e 307, and showed, with minor differences, 
fragmentation patterns similar to those of the indoline (339) and the 
5-chloroindoline (346a). These are described inmore detail ina 
subsequent section. The i.r. spectrum had C=O and NH absorption 
bands at 1710 and 3310 cm7! respectively. Then.m.r. (CDC1,) 
displayed two methyl signals, a methylene doublet of doublets signal, 
a broad NH signal and an aromatic 8-proton multiplet. The complexity 
of the aromatic signal did not allow deduction of the exact location of 
the OCH, group but the pattern displayed for this signal was very 
similar to that inthe spectrum of the 5-chloroindoline (346a). 
Accordingly , the methoxy substituent was assigned to the 5-position. 

A better yield of this compound was obtained when 
methanolic sulfuric acid was replaced with a solution of boron tri- 
fluoride in methanol. This observation was the result of an attempt 


to methylate the N-hydroxy function by the use of diazomethane in 
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methanol, with boron trifluoride as a catalyst. Acid catalyzed 
nucleophilic attack by methanol occurred rather than methylation 
of the N-hydroxy function, and the only product isolated was the 5- 


methoxy compound (346b). 


When the N-hydroxy compound (338) was reacted with 
a mixture of dioxane and water in the presence of catalytic amounts 
of sulfuric acid, an alkali-soluble product was isolated. Although 
no satisfactory analysis was obtained from this product, its i.r., 
n.m.r. and mass spectra (Mt at m/e 293) suggested that it was the 


5-hydroxyindoline (346c). 


CH3 
HO aa 
H Q-N-Ph 
(346c) 


$ oa | 
The related 5-acetoxy derivative (346d) was obtained by 


heating (338) with glacial acetic acid for one hour. This compound 
was identified by its elemental analysis (C) 9H, 7N303) » Mass spectrum 
(M* at m/e 335), i.r. spectrum (ester and lactam C—O and N—-H 
absorption) and n.m.r. spectrum (two methyl signals, one D-ex- 


changeable N—H proton, a methylene signal and an 8-proton aromatic 
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multiplet. 


CH3CO0O —N 


LA 


(346d) 


The formation of these 5-substituted indoline derivatives 
(346a-d) apparently involves a nucleophilic attack at the 5-carbon 
atom of the protonated N-hydroxy compound (348). However, it is 
not known whether this reaction is of the sae (Scheme 7) or Sql 


(Scheme 8) type. AnS_2' mechanism was proposed recently by 
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H N- Ph 
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Scheme 7 


Coutts and Pound (1970) for the attack of the chloride ion on some 
related hydroxylamines and hydroxamic acids. The alternative 
Syl type mechanism was proposed earlier by Heller et al (1951) 


and is supported by some recent studies by Gassman et al (1968, 
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e) Acylation and sulfonation reactions: 

Cyclic hydroxylamines react with acetyl, benzoyl and 
sulfonyl chlorides to form acetates , benzoates and sulfonates res- 
pectively. Acid anhydrides have also been used frequently as acyla- 
ting agents. However, in many cases the acyloxy and sulfonyloxy 
derivatives cannot be isolated because they undergo molecular 
rearrangements. In order to determine the behavior of the cyclic 


N-hydroxy compounds prepared in this investigation towards some 
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acylating and sulfonating agents, their reactions with acetic anhydride, 
acetyl chloride , p-chlorobenzoyl chloride and p-toluene sulfonyl 
chloride were studied. Besides the few N-acetoxy derivatives obtain- 
ed, some rearrangement and halogenated produwts were also isolated 
and identified. 
i. Reactions with acetic anhydride 

Previous studies have shown that the cyclic N-acetoxy 
carbonyl function gives rise to an i.r. absorption band in the region 
of 1800 cm! and the presence of this absorption band is very diag- 
nostic (Freeman, 1958; Loudon and Wellings, 1960). It was desir- 
able, therefore , to acetylate the cyclic N-hydroxy compounds (338 
and 342) as a means of confirming their structures and to study the 
chemical behavior of these N-acetyloxy products. A number of 
conventional acetylation procedures were attempted but most of them 
led to the formation of different rearrangement and decomposition 
products. The only successful method was to react the N-hydroxy 
compound in pyridine at -10°C with cold excess acetic anhydride for 
a 24 hour period. In a few instances, the N-acetyloxy derivatives 
crystallized from the reaction mixture, but in most cases ice-cold 
water had to be added to liberate the product. The acetyloxy 
products isolated were stable for several weeks at 0°C but decomposed 
rapidly on standing at room temperature. Earlier, when this 
acetylation process was performed at room temperature, no acetyloxy 
derivatives were obtained. The same happened when the reaction 
mixture, after being added to ice-cold water, was extracted with cold 
ether. Both procedures resulted in rearrangement and decomposition 


of the N-acetyloxy derivatives. 
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The acetylated product obtained from the N-hydroxy 
compound (338) was identified as spiro [ (1-acetyloxyindoline) -2 ,4'- 
(3'-methyl-1'-phenyl-1H-pyrazolin-5-one) ] (349). This compound 
analyzed correctly for Cig) 7N30, , a formula supported by the 
presence of a molecular ion at m/e 335 in its mass spectrum. That 
CH, 
aN 
N— Ph 
OCOCH, 
(349) 
O-acetylation had occurred was confirmed by the presence of an N- 


acetyloxy C=O absorption band at 1790 ais ; in addition, a lactam 


1 


C=O band was located at 1723 cm and the spectrum was devoid of 


any O—-H or N—-H bands. Then.m.r. spectrum (in CDCl, or DMSO-d¢) 


3 
showed two methyl signals at 62.14 (C-—CH,) and 2.05 (OCOCH,) atl 
aromatic multiplet (9 protons) and the methylene group signal as a 
doublet of doublets (J=16.5 Hz). This spectrum had to be measured 
directly after dissolving in cold solvent because, in both solvents 
used, the compound decomposed and/or rearranged very rapidly; the 
N-acetyloxy signal disappeared with the appearance of some new 
signals and the spectrum became very complicated. 

Heating the N-acetyloxy compound (349) with methanol or 
ethanol yielded two different crystalline products. The first was 
identical to the 5-acetyloxy derivative (346a) obtained earlier by the 
nucleophilic attack of acetic acid at C-5 (see Scheme 7). The second 


product (designated compound A) remains unidentified , although it is 


known from its elemental analysis (C,;7H,3N30) and its mass spectrum 
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(Mt ,» m/e 275) that it is a result of the loss of acetic acid molecule 
from the parent N-acetoxy compound (349). The same compound 
was also isolated during attempts to methylate or sulfonate the N- 
hydroxy compound (338). 

The possibility of product (A) being the dehydrated (345) was 
first considered but a study of the chemical and physical properties of 
(A) ruled out this possibility. The i.r. spectrum of A when crystal- 
lized from ethanol showed absorption bands at 3410 (NH?) and at 1625 
end lea0 ents” (C=O?). A different spectrum was obtained when the 
same compound was crystallized from acetic acid giving (A') or when 
(A) was heated to about 200°C for a few minutes. The absorption 
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bands at 3410 cm 


replaced with a broad band between 2500 and 3300 cm> 
] 


and a strong 
absorption at 1640 cm > This suggested that compound (A) may 
either have dimerized or be present in two different forms (A ==> A’). 
Both these forms were found to be interchangeable; either one can 
be obtained by crystallization from the appropriate solvent. 

The n.m.r. of both forms had a three-proton signal at 
§2.63, an aromatic multiplet between 67.0 and 8.5 (~9 protons) and 
a one-proton broad signal between 44.0 and 5.1 (exchangeable with 
D0). The presence of the methyl signal at a lower field ($2.63) than 
usually demonstrated by the pyrazolone methyl group (around d 2.0) 
suggested that a rearrangement process might have occurred which 
destroyed the pyrazolone ring. Compound (350), the formation of 
which might be possible by the process outlined in Scheme 9 was 


considered and found to fit most of the chemical and physical proper- 


ties demonstrated by the product ( A ===> A'). This compound (350) 
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H H CH3 CH3 
3 -CH3;COOH = fe 
ae ad 
sephan" 
pee R_)—-N-P 
OCOCH, oe 
(349) | 
: aah Ph—-N-—N 
eR 
CH 
| =~ S a a CH, 
N 
H : 


(350) Scheme 9 a / 


might exist in two forms (350a==350b) which could explain to some 


extent the difference in the i.r. spectra of (A) and (A'). The 


Ph—N —_N 
| BS iplaes 
| 
CH 
eae Nags <a 
Me N~~OH 
(350a) (350b) 


possibility of dimerization of (A) must also be considered in view of 
the fact that the structurally related pyridin-2-ones e.g. (351) are 


known to exist as hydrogen-bonded dimers (352). Thei.r. spectra 


N O 
H 


(351) 
of these dimers displayed very broad N-H absorption bands in the 


region 2300-3200 rr ee free N—H bands were demonstrated in dilute 


chloroform solutions at around 3400 oma (Katritzky and Amber, 1963). 
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The presence of carbonyl absorption at 1640 and 1625 cm~! (doublet?) 
in (A) and at 1640 cm7! in (A'') is also in agreement with structure 
(350) since quinolin-2-ones show carbonyl absorption between 1626 and 
1660 diva’ (Bellamy, 1963; Katritzky and Ambler, 1963). 

A structure such as (350) could also explain the behavior 
of product (A) under electron impact (Fig. 4). In addition to the 
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Fig. 4: A portion of the mass spectrum of compound (A), M*=275, 


molecular ion, the main fragment observed was the (M-1) ion at m/e 
274. A stable aromatic system (b) could be formed by the expulsion 


of a hydrogen atom from the molecular ion (Scheme 10). 
+. 
Ph — 
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PhN7~ 


(350), M*, m/e275 


a, m/e 274 


b, m/e 274 
Scheme 10 
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In addition to these physical and chemical properties 
already discussed, the high melting point (306-7°) of both (A) and (A') 
is consistent with the proposed structure (350). A related compound, 
4 ,5-dihydro-3-methyl-4-oxo-1H-pyrazolo[ 4 ,3-C J] quinoline (353) was 
prepared by Coutts and Wibberley (1963) and was found to have a 


melting point higher than 350°C. 


(353) 


A chemical property that cast doubt on the assignment of 
(350) to product (A) was the ease with whichthis compound acetylated 
with acetic anhydride. This was not expected since 2(1H)-pyridones 
and related compounds acetylate only through their salts, such as the 
sodium (Curtin and Engelmann, 1968) or thalium (I) salts (McKillop 
and Zelsko, 1968). In addition, acetylation of (350), if it occurred, 


might be expected to yield the O-acetyl derivative (354) rather than 


Ph — N——-N Th 
N7™~OCOCH, N 
(354) (355) docu; 


the N-acetyl compound (355). This was the case with 2(1H)pyridone 
(351) which yielded only the O-acetyl derivative (357) when its thallium 
(I) salt was acetylated. The N-acetyl derivative (356) was formed at 
-40°C but most of it rearranged at room temperature to (357) 
(McKillop and Zelesko, 1968). However, the possibility of O-acetyl- 


ation of (350) was ruled out by the presence of two C—O absorption 


eslizeqotq Isotareds bas 
(A) bas (A) pean EF Ce boveuostbeybabals 


,bavoqmos beisier A «(02@£) etntowste beeoqose ed? diiw tnotalends’st 


asw (€2€) satforinp [D-€, » Joloss 1q-Hi -0%0+8-Iydtemn-E-orbydib-8. 


= oved of banot asw bus (E301) yalaaddtW bas etivoD yd betsqe1q 


(D028 asd? redgid talog’galtien 


(628) 


lo tnemoagiess 913 ado tdcob tes° tsda yiseqo1q isolmeds A 
beisiviess bavogmice aididokiw diiw sess edt asw (A) Jovborq of (02E) 
sonobliyg>(HIjS sonta beiosgxe ton asw aliT .obiabydas siteos dtiw 
sii es dowe , elise tied? dgvordd ylao sislyioos ebauoqmos beisis1 dae 
golliMoM) etise (1) mulisdt so (B0?1 _casmiegad bas alitoD) a a 
_botiusse 4 ti , (O2E) Io mobielytese , noiitbbs al .(8d0L , oaeleS bas 
adi verte (B28) svitevireb Iyteoa-O edi Sisly of beissqxe od iigim 
—rH— dt . t—iA — AT 
HO” NH go NF 
vl pHO000~ Su 
HO0d (2@2€) (Pee) 
snobiayq(HI)S dilw sano odd saw eidT .(22€) bayogeres lytsos-U edi 
mnvtlicdt ati modw (T2C) evidsvigsb lyteen-O edi ylno boblely dotdw (12€) 
ts beor10! asw (d@€) svitaviteb lytesn-ViodT .boislyieos asw Ise (2) 


(TE) of exutsteqmst moos 46 begnsi1ts51 3 to dsom: tud D°0S- 


-fyteos-O Yo yiilidtaeog dt, zevewoH .(8301 ,ofeofeS bas qollPisM) 
moliq70eds O=D ow? lo eomsesag en? yd tuo balua esw (022) to nolts 
- ; : : 


7 ry 


ae 


rig 


bands at 1664 and 1730 cm”! inthe i.r. spectrum of the mono- 


acetylated product, C)gH)5N30, (M* = m/e 317). 
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Reference by Curtain and Engelmann (1968) to the N- 
benzoyl derivative (358) was encouraging since it showed that this 
type of acyl derivative is accessible. Gortinskaya et al (1973) 
also prepared some related N-acetyl derivatives (359), the structures 
of which were confirmed with i.r. andu.v. spectral data. The two 


carbonyl bands in (358) were located at 1656 and at 1733 cm~!; the 


COPh 

NW Oop 

O Sw cocn, 
(358) (359) 


latter is due tothe N-benzoyl function. These values are comparable 
to those obtained from the acetyl derivative of (350), but this is not a 
very accurate comparison since a benzoyl compound is being compared 
with an acetyl derivative. However, the N-acetylated compound (359) 
had C=O absorption bands at 1680 and at 1730 anes ty the latter was 
shown to be due to the N-acetyl function. Both these values are 
similar to those shown by the acetyl derivative of (350), which suggest- 
ed that its structure might indeed be (355). 

A literature search for the pyrazolocarbostyryl derivative 
(350) revealed that it was a known compound prepared earlier by three 


independent investigators through different pathways (Knorr and Jodicke, 
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1885; Musierowicz et al, 1929; Vul'fson and Zhurin, 1962). In all 
cases, the reported melting points, although high (261°, 273° and 
277°) , were not the same as that of the dehydrated product (A) although 
in this range, the rate of heating might account for this difference. 

It is also possible that impure (350) was isolated in earlier studies. 
Accordingly, it was decided to prepare (350) to compare it directly 
with the dehydrated product (A). The method reported by Vul'fson 


and Zhurin (1962) was followed (Scheme 11) and yielded the required 
OH 


OH O 
ae 3 
polyphosphoric aci 

N N 

H H 


p-toluene - H 

sulfonic =~ 
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(350) 


Scheme 11 
3-methyl-5-phenyl-pyrazolo-(4 ,5-C)carbostyril (350). 

A direct comparison between synthetic (350) and the 
deacetylated product (A) indicated non-identity. Thei.r. spectrum 
of (350) ( / N—H between 2000 and 3220, 2” C=O at 1666) and its 
Henny. ©. spectrum (CH, at §2.61, NH or OH at 613.2 and nine 
aromatic protons between § 6.9 and 7.8) were very similar to those 
of (A) but not identical. The pyrazolocarbostyryl (350) was also 
found to be neutral, but an attempt to acetylate it directly by heating 
with acetic anhydride for 12 hours failed to yield any acetylated 


product. 
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This non-identity of (350) with (A) demanded a reappraisal 
of the data accumulated for compound (A). It had a molecular 
formula C,7H,3N320, nine aromatic protons, three methyl protons, a 
labile proton (deuterium exchangeable) and a C=O group which 
absorbed i.r. irradiation at a frequency lower than the pyrazoline 
C=O group. Inthe n.m.r. spectrum the chemical shift of the methyl- 
protons signal was further dowfield than normally observed for the 
3-methyl-5-pyrazolone methyl signal which suggested that compound 
(A) did not contain an intact pyrazoline ring such as that present in 
the spiropyrazolone (349). 

It is now realized that the acetylated product (349) might 
rearrange in the manner shown in Scheme 12, thus providing another 
possible compound, the pyridazinoindole (360) to explain all the data 
accumulated for compound (A==A'). Lack of time, however, pre- 


vented studies to confirm this hypothesis. 
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Scheme 12 
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Acetylation of the cyclic N-hydroxyindoline (342) with 
acetic anhydride and pyridine at “1056 yielded an N-acetoxy derivative 
identified as spiro[ (l-acetyloxyindoline) -2 ,4'-(1 ,3' -diphenyl-1H- 
pyrazolin-5-one)] (361) by its elemental analysis (C, 4H) 9N303) and 


by similarities of its spectral data with those of the methyl analog 


Ph 
——N 


N~Ph 
OCOCH, 
(361) 


(349). It was noted that the acetyloxy derivative (361) was relatively 
stable at room temperature and in cold solvents. Rearrangement 
still occurred in solution but at a much lower rate than that demon- 
strated by the methyl analog (349). Heating (361) in ethanol produced 
only one rearrangement product of formula C5 4H) 9N303- Infrared 
evidence supported the presence of an NH and two C=O groups 
(lactam and ester) in the molecule. Then.m.r. spectrum had 
signals which could be ascribed to COCH,, CH, , NH and thirteen 
aromatic protons. Based on these data this compound was identified 
as spiro[ (x-acetyloxyindoline) -2 ,4'-(1',3'-diphenyl-1H-pyrazolin-5'- 
one) ] (362). Although it is most likely that (362) is substituted at the 
5-position as was the case with the methyl analog (346d), the exact 
position of the substituent was not determined due to the complex 


nature of the aromatic signal in the n.m.r. spectrum and due to the 


lack of an authentic sample. 
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When the N-hydroxy compounds (338 and 342) were heated 
with acetic anhydride or with a mixture of acetic anhydride and acetic 
acid, no N-acetyloxy derivatives were isolated. In the case of (338), 
two products were obtained, the major product being the dehydrated 
compound (A) discussed earlier while the minor product was shown to 
be a diacetylated compound, Co 9N 304 which was assigned structure 
(363). Thei.r. spectrum showed three C=O bands at 1667 (cyclic 


CH3 
CH,CO == 


N—Ph 
(363) COCH3 


amide), 1715 (lactam) and 1760 cm 7! (ester) and was devoid of any NH 
or OH absorption. Then.m.r. spectrum displayed three methyl 
signals at §2.02, 2.3 and 2.50 and a complex aromatic multiplet 

which did not assist in the assignment of the position of the acetate 
group on the ring. This, however , was deduced to be at C-5 in agree- 
ment with the mode of formation, and by comparison with similar 


products described earlier such as (346d). 
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Heating the N-hydroxy compound (342) with acetic anhydride 


yielded a diacetate derivative which could not be obtained pure. Its 
mass spectrum displayed a molecular ion at m/e 439 which fragmented 
in the same way as the diacetate (363) and itsi.r. andn.m.r. spectra 


resembled those of compound (363). This led to its identification as 


(364). The position of the acetate group on the ring was not determined. 
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| 0 Sch 
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The diacetates (363) and (364) could be formed in two ways 


as shown in Scheme 13. The first is the formation of the N-acetyloxy 
R 
= 
CH3CO iu =e 
ts 
| N—Ph ) N— Ph 
OCOCH3 
+ (365) 
; i 
= CH,COO_ iy 
| = CH,CO 
—— N — 
s O Ph 
+OH, (366) 
R H3CO* 
EeaciN 
CH,COO 
Noa Ph 


Scheme 13 


derivative (365) followed by migration of this acetyloxy group to the 
ring carbon. The second is the direct nucleophilic attack by the 
acetate anion. The resulting monoacetylated indoline (366) would then 
acetylate further giving compound (367). 

ii. Reaction with acetyl chloride: 

When spiro. C(1-hydroxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one ] (338) was treated with acetyl chloride at 
room temperature it failed to react. Whenthis mixture was heated 
in dry benzene for several hours, a reddish solution was formed which 
on evaporation and crystallization yielded two compounds. Neither of 
these was found to be the N-acetyloxy derivative (349). A study of the 


properties and spectra of each compound indicated that one of them 
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(the minor product) was an acetylated compound while the other (the 
major product) was a chlorinated derivative. 

The mass spectrum (Fig. 5 ) of the acetylated product, 
C19H)5N303 , displayed a molecular ion (m/e 333) which expelled a 
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; 333 
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40 
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m/e 


Fig. 5: A portion of the mass spectrum of an unidentified acetylation 
product, M%=333. 


ketene molecule as expected from an acetate. Its i.r. spectrum 


showed two carbonyl bands at 1688 and 1712 cm"! 


and was devoid of 
OH and NH absorption (?). The dark-red color of this product was 
indicative of conjugation; this was also shown by the absence of the 
methylene signal in its n.m.r. spectrum which showed two methyl 
signals at §2.44 and 2.48, an eight-proton aromatic multiplet between 
67.0 and 8.2 and a one-proton doublet centered at 69.8 (J=8 Hz). 
This acetylated compound hydrolyzed readily in the 
presence of alkali giving a yellowish product which analyzed for 
C1 7H)3N302 (Mta.20i] Vela T he presence of a phenolic function in this 


deacetylated product was suggested by its solubility in dilute alkali 


-1 
solution and by the broad absorption between 2000 and 3300cm _ in its 


by a 


i.r. spectrum. Then.m.r. spectrum(DMSO-dg displayed awery broad 


signal around 64.6 and in addition, a methyl signal at 62.58, an 
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aromatic multiplet (8 protons) and a one proton doublet centered at 
8.5. 

It is obvious that the product, Cj, 9H,5N303 ,» is an 
acetylated phenol. However, no structure can be suggested which 
satisfies all the data which accumulated for this compound. In parti- 
cular, the one-proton doublet in the n.m.r. spectra of both the 
acetylated and hydrolyzed products seems strange and hard to rational- 
ize. That an N-acetyloxy derivative might be formed first then 
rearranged is a possibility, but when a sample of the N-acetyloxy- 
indoline (349) prepared earlier was refluxed in benzene it gave none of 
the above product. Instead, the dehydrated compound (A) and the 


5-acetyloxyindoline (346d) were isolated. 


The elemental analysis (C, 7H CIN 30) as well as the 


14 
mass spectrum (M+, m/e 311) of the major product confirmed the 
presence of a chlorine atom in its molecular formula. The possibility 
of this compound being the same 5-chloroindoline (346a) obtained earlier 
was ruled out by comparing i.r. andn.m.r. spectra and by the 
depression of a mixed melting point. However, the similarities of 

the spectral data of the product and that of (346a) suggested that both 
were isomeric. Then.m.r. spectrum was essentially similar to 

that of the 5-chloroindoline derivative (346a) except in the aromatic 
area where the substitution pattern differed. Again, this pattern 

was complex and could not be resolved. However, since one of these 


two isomers (346a) was proved to be substituted at the 5-position, it 


was considered likely that the isomer was a 7-chloro derivative (370). 
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These two position are more susceptible than any other position to 
attack by nucleophilic reagents. Accordingly, this product was 
tentatively identified as spiro [ (7-chloroindoline) -2 ,4'-(3'-methyl-1' - 
1H-pyrazolin-5-one) ] (370). Support for this conclusion was found 


in the i.r. spectrum of this compound which had anNH absorption band 


CH3 CH3 
Le N 2 
H«.O Clem O Ph 
(346a) (370) 


1 and a C=O band at 1728 cm”}. Compared to the corres- 


at'3295"em * 
ponding absorption bands (3365 and 1710 emia) in the related chloro- 
indoline (346a) , the N—H absorption showed a bathochromic shift of 
70 cm7! and the C=O a hypsochromic shift of 18 cm7} . %Intramole- 
cular hydrogen bonding between the chlorine atom at C-7 and the amine 
hydrogen may be responsible for these shifts. In addition to the 
effect on the NH absorption, this also could affect the C=O absorption 
which is now located near the normal value (~ 1725 aa for com- 
pounds which do not display intramolecular hydrogen bonding. Hydro- 
gen bonding between chlorine and hydrogen is now becoming universally 
accepted (Vinogradov and Linnell, 1971) and the large frequency shift 
demonstrated here for the NH absorption may indicate that chlorine 
is astronger electron donor than oxygen in this molecule. 

The formation of a chlorinated product as a result of 
treating the N-hydroxy compound (338) with acetyl chloride was not 


unexpected due to the availability, in the reaction mixture, of chloride 


ions for nucleophilic attack. Similar examples are reported with 
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hydroxamic acids and heterocyclic N-oxides (Katritzky and Logowski, 
1971d). The reaction, for example, between 3-hydroxyxanthine (371) 
and various acid chlorides , yielded only 8-chloroxanthine (372); no 


acyl products were obtained (W48lcke Stia14e1969)* 
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(S70) (372) 


At the moment, an explanation as to why a C-7 (370), 
and not a C-5 (346a) chlorinated product, was obtained in the reaction 
with acetyl chloride, is not possible although it may be in part due to 
the different solvents used (tetrahydrofuran for C-5 substitution and 
benzene for C-7 attack). 


iii. Reaction with p-chlorobenzoyl chloride. 


The reaction between the N-hydroxy compound (338) and 
p-chlorobenzoyl chloride was carried out under very mild conditions in 
an attempt to isolate the N-p-chlorobenzoyloxy derivative, but this 
proved unsuccessful. Although the i.r. spectrum of the crude 
product showed C=O absorption band at 1765 cm! which is indicative 
of N-benzoyloxy function (Kato et al, 1967; Zinner, 1958), crystalliza- 
tion of this product from cold ethanol resulted in skeletal rearrange- 
ment. The pure crystalline compound isolated analyzed for 


C24H) 2Cl N,03, as was expected for the N-benzoyloxy derivative , 


3 

but its i.r. spectrum displayed an NH absorption band at 3380 ema 
-1 

and two C=O bands at 1712 (lactam) and at 1732 cm (benzoyl ester). 

The n.m.r. spectrum (CDC1,) showed a methyl signal at 62.15, a 


methylene doublet of doublets centered at $3.45 (J=17 Hz), an aromatic 
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multiplet (12 protons) and a D-exchangeable one-proton signal at 64.47 
(NH). These data indicated that the benzoyloxy function rearranged 

to one of the ring carbons but the position of substitution on the benzene 
ring was not determined due to the complex nature of the aromatic 
signal inthe n.m.r. spectrum. This compound is partly identified as 
spiro-[ (x-p-chlorobenzoyloxyindoline)-2 ,4'-(3'-methyl-1'-phenyl-1H- 


pyrazolin-5'-one) ] (373). Its mass spectrum supported this conclusion; 


CH, 
Ve genie 2 


(373) 
it displayed a molecular ion at m/e 431 which fragmented in a: similar 
way to the other Sapetopnted indoline derivatives (see later). In addi- 
tion, acyl-oxygen fission occurred with charge retention on the acyl 
portion (m/e 139); the latter fragmented further by the expulsion of a 
CO molecule. 

An attempt to hydrolyse this benzoyl derivative to the 
corresponding phenol in order to help determine the position of sub- 
stitution on the benzene ring failed to yield the required phenolic 
compound. 

iv. Reaction with p-toluenesulfonyl chloride: 

Treatment of the N-hydroxyindoline (338) with p-toluene- 
sulfonyl chloride in pyridine gave a yellow solid. When this solid was 
dissolved in benzene, it deposited a crystalline compound which was 
found to be the dehydrated product (A) obtained when (338) was reacted 


with acetic anhydride (see p. 114). Evaporation of the remaining 
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filtrate produced a solid residue which was chromatographed on a 
silica gel column, yielding two compounds. The major of these 
compounds was identified as the spiro-(5-chloroindoline)pyrazolone 
(346a) prepared earlier in this study. Direct comparison of the 
physical properties of both (346a) and the major isolated product est- 
ablished this identity. The minor product analyzed for Co4H,>,N30,S 
and its mass spectrum displayed a molecular ion at m/e 447 which 
supports this formula. This, however, was not an N-tosyloxy deriva- 
tive since the i.r. spectrum demonstrated a broad absorption band 
centered at 3340 enka (NH). The n.m.r. spectrum also showed, in 
addition to the methyl, methylene and aromatic signal, a D-exchange- 
able one-proton signal at 565.0. These data suggested that the 
initially formed N-tosyloxy derivative rearranged to an isomeric 
tosylate which was assigned structure (374). The position of the 
tosylate group was not determined due to the complexity of the aromatic 


signal in the n.m.r. spectrum. 


Oo H 
(374) 

In another attempt to isolate an N-tosyloxy derivative, 
the reaction of (338) and tosyl chloride was performed in ether at Gar 
in the presence of triethylamine. <A black semisolid resulted which 
was shown by thin layer chromatography to contain at least five 


components. This was not investigated further. 


f) Methylation: 
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An attempt to react the spiro (1-hydroxyindoline)pyrazolone 
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(338) with diazomethane, in the absence of any catalyst, failed to yield 

a methoxy derivative. When this reaction was carried out in methanol 
using boron trifluoride as catalyst, it produced a crystalline product 
which was found to be the 5-methoxyindole (346b). This compound 
resulted from an acid-catalyzed nucleophilic attack, by methanol, on 

the ring carbon. Accordingly, it was realized that this reaction 

should be performed in a medium free from alcohol. The reaction was 
repeated in dioxane and alcohol-free diazomethane and boron trifluoride- 
ether complex were used. This produced a dark-green product, the 
i.r. spectrum of which dispiayed a C=O absorption band at 1720 cm7! 
but no OH or NH absorption. When this product was dissolved in cold 
ethanol, a high-melting solid (309°) slowly separated. This compound 
analyzed for C1 7H) 3N30 (M* = 275) and gave i.r. and mass spectra 
which were virtually identical to the dehydrated product (A) obtained 
when the N-acetyloxy compound (349) was treated with ethanol (see 
p.114). A mixed melting point of both compounds showed no depress- 
ion. The formation of this dehydrated product during crystallization 
of the crude product suggested that O-methylation did occur, then the 
methyloxy derivative decomposed and /or rearranged. Such a rear- 
rangement could be catalyzed by traces of acid present with the crude 
product. Some support for this suggestion is the fact that it was 
possible to obtain the desired N-methoxyindoline (375) by methylating 


(338) with methyl iodide inthe presence of sodium methoxide. 
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Identification of this compound was based on its elemental analysis 

(C1 gH) 7N30,) as well as its i.r. ()/C=O at 1719 cm7!) and n.m.r. 
(N- OCH, at 63.8) spectra. The mass spectrum of this compound 
(part IIIb) was also very informative; it displayed a molecular ion 

at m/e 307 and a strong ( M-31)* ion resulting from the expulsion of a 
CH30 radical from the molecular ion. The expulsion of this frag- 
ment is not normally observed in the mass spectra of methyl ethers 
unless an ortho-effect operates (Cable et al, 1972; Coutts and Malicky, 


1973). 


Other Reductions of 4-(2-Nitrobenzyl)-2- pyrazolin-5-ones (319a,b,c). 
a. Reduction with iron and ferrous ammonium sulfate: 

Aromatic nitro compounds are known to be readily reduced 
to amines by this reducing system (Hodgson and Hathaway, 1944; 
Hickinbottom, 1959). Reduction of the nitrobenzyl derivative (319b) 
using this method yielded the 4-(2-aminobenzyl)pyrazolone (321b). In 
contrast, reduction of the methyl analog (319a) was unpredictable. It 
sometimes gave the spiro-(N-hydroxyindoline)pyrazolone (338); on 
other occasions it yielded the 4-(2-aminobenzyl)pyrazolone (32la) or a 
mixture of both products. Varying the reduction time did not improve 
the situation. It is suggested that differences in the batches of iron 
used could account for these variable results. 

b. Reduction with zinc and ammonium chloride: 

This is generally a standard procedure for the reduction 
of aromatic amines to the corresponding hydroxylamines. Mousseron- 
Canet and Boca (1965) used this system to reduce some o-nitrobenzyl 
ketones to substituted 1-hydroxyindoles. When this reaction was per- 


formed with the 4-(2-nitrobenzyl)pyrazolone (319a), no N-hydroxy 
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derivatives were obtained. The reaction yielded the opiro(indoline) 
pyrazolone (339) in poor yield. Reduction of the phenyl analog (319b) 
with the same reagent gave the corresponding spiro(indoline)pyrazo- 
lone (343) in good yield. In contrast, the 4(5-chloro-2-nitrobenzyl) 
pyrazolone (319c) gave a mixture of the spiro(5-chloroindoline) -pyra- 
zolone (345a) and the corresponding N-hydroxyindoline (347). 

c. Reduction with zinc and acetic acid: 

Heating the nitrobenzyl derivative (319a) with zinc and 
acetic acid gave a dark yellow product which melted at 166-8° and 
proved difficult to purify. The i.r. spectrum lacked NH, OH and 
C=O absorption bands which suggested a pyrazoloquinoline derivative 
(376a). This suggestion was supported by the absence, inthe n.m.r. 
spectrum of this compound, of any signals other than those of the 
methyl group and aromatic protons. Its mass spectrum displayed a 
molecular ion at m/e 259 which fragmented mainly by the expulsion of 
a hydrogen atom, a methyl radical and a methyl cyanide molecule 


(Scheme 14). A literature search revealed that this compound (376a) 


R 
= 
N N~ 
| 
Ph 
as R=CH, 
b, R=Ph 
(376) 


was known (m.p. 178°) having been prepared by heating the Schiff base 
of 4-formyl-3-methyl-1-phenylpyrazole and aniline (Brack, 1962). 
When the phenyl analog (319b) was reduced with zinc and 


acetic acid, it yielded a pure yellow crystalline compound, Co2H,5N3 : 
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which hadi.r. andn.m.r. spectra very similar to those of (376a). 
The mass spectrum of this compound had a strong molecular ion of 
m/e 321 which was in agreement with the hitherto unknown structure 
(376b). Other than the molecular ion, this mass spectrum had only 
three ions of appreciable intensity resulting from the expulsion of a 
hydrogen atom, a phenyl radical and a phenyl cyanide molecule from 


the molecular ion (Scheme 14). 


24 
Car 
N7 no 
be 


(376), Mt 
=RGN * -H’ 
a -R 
+ + 
[C1 5Hy Nz }? . [RC, HN, 
m/e 218 LO) 6H Ns] 
m/e 244 
Scheme 14 


Both these compounds (376a and b) were also obtained by 
heating the amines (32la, b) with acetic acid for several hours. 

d. Catalytic hydrogenation: Preparation of some spiro-(tetrahydro- 
quinoline)pyrazolones (337). 

Catalytic hydrogenation of o-nitrobenzylpyrazolone 
derivatives (319a and b) was attempted to determine whether N-hydroxy 
compounds could be obtained by this route. During one of these trials, 
an interesting reaction was revealed. Catalytic reduction of two 
o-nitrobenzylpyrazolones (319a and b) was carried out using platinum 
oxide or palladium-charcoal as a catalyst and absolute ethanol as 


solvent. 1-Methyl-4-(2-aminobenzyl) -3-phenyl-2-pyrazolin-5-one 
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(32la) was the main product isolated from the reduction of the 3-methyl- 
pyrazolone (319a), but when the related 3-phenylpyrazolone (319b) was 
reduced under the same conditions, a different type of product was 
obtained. This product (designated compound B) was weakly basic 


and, unlike (321b), was insoluble in dilute sodium hydroxide solution. 


Ph H,/cat. Ph 
EtOH | 
lees eS eta i 
Dioxane ay 
(321b) 


(31,96) 


Its i.r. spectrum had an NH absorption band at 3405 cm! and a C=O 
band at 1712 cm"! . The presence of a carbonyl absorption at this 
frequency in addition to the lack of solubility of product (B) in dilute 
alkali solution, indicated that the pyrazolone ring was no longer 
capable of enolization i.e. the hydrogen atom «& to the C=O group was 
no longer present. The n.m.r. of compound (B) included a 3-proton 
doublet centered at §1.15 (J=6.5 Hz) and a one-proton quartet signal 
centered at $3.6(J=6.5 Hz). This n.m.r. evidence, therefore, 
revealed the presence of a _CH—CH, group in the product which 
apparently originated from the ethanol employed as the solvent in the 
catalytic reduction of (319b). To see if that was the case, the same 
reaction was repeated in dioxane, in methanol, in propanol and in 
benzyl alcohol. With dioxane, 4-(2-aminobenzyl)-1 ,3-diphenyl-2- 


pyrazolin-5-one (321b) was obtained in good yield, but when the other 
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solvents were employed, the products obtained in each case differed, 
and elemental analyses suggested that the alkyl or aryl group of the 
alcohol used had been incorporated into the molecule. Thei.r. 
spectra of all these products were very similar but their nuclear 
magnetic resonance spectra confirmed differences in the structures 
of the products. The mass spectra of these derivatives were recorded 
and proved without doubt that the alcohols used as solvents were 
involved in this reaction. 

From all these data, the general structure of compound 
(B) and the three related products was suspected tobe the spiro-tetra- 
hydroquinoline derivatives, spiro [ (1 ,3-diphenyl-1H-pyrazolin-5-one) - 
4 ,3'-(2'-substituted-1' ,2' ,3' ,4'-tetrahydroquinolines) ](377). A 
mechanism for the formation of these spiro-tetrahydroquinolines (377) 
can be envisaged and is illustrated in Scheme 15. The nitro compound 
(319b) is reduced to the hydroxylamine (378) which then interacts with 
the alcohol present; the former is reduced to the amine (321b) while 
the latter is oxidized to the aldehyde. Both the amine and the alde- 
hyde react to form a carbinolamine (or aldol) (379) which cyclizes to 
the tetrahydroquinoline derivatives (377). This suggested oxidation- 
reduction process, and subsequent interaction of the products, is 
another example of solvent/product interactions known to occur during 
catalytic hydrogenation (Pylander, 1967). 

Some other structures for the unexpected reduction . 
products were considered. Among these, the isomeric imines 
(Schiff bases) (380) had first consideration. It is known that aldehydes 
and ketones add to the primary amines, and this addition involves 


nucleophilic attack by the basic nitrogen at the carbonyl carbon atom 
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(equation 1). In most cases, the first step is the formation of an aldol 

H OH 


RNG Hee RuC= Os = eae c—R aa RN=CR'R"+H,0 (1) 
R" 
or ketol, butin the majority of cases, i carbinolamine intermediate 
is unstable and not isolated. It reacts further in one of several ways, 
the most common of which is the elimination of water to give the imine. 
The possibility of compound (B) possessing an imine structure (380) 
was ruled out by an analysis of the i.r., n.m.r. and mass spectra as 
well as by the chemical properties of the product. The presence of 
N-H stretching bands in the i.r. spectra of all four compounds (377, 
R=-H, CH3 : CoHs and Ph) is incompatible with the imine structure. 
A broad deuterium-exchangeable signal in the n.m.r. spectrum was 


also observed. In imines, an NH absorption can be present if they 


exist in the enamine form (equation 2). Imines with « -hydrogens are 
R' R' 


a 
Re NG CH Rt RN hn (2) 
H 


capable of imine-enamine isomerism similar to the keto-enol tautomer - 
ism of carbonyl compounds (Layer, 1963). This type of isomerism 
was clearly demonstrated in a number of cases, but Witkop (1956) 

found no evidence for the presence of the enamine structure in his 


i.r. studies. Conclusive evidence that the compounds obtained, when 
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(319b) was reduced in various solvents, did not have the imine struc- 
ture came froma consideration of the product obtained by hydrogen- 
ation of (319b) in benzyl alcohol. This product gave rise to an NH 
stretching band in the i.r. spectrum despite the fact that it had no 
c«-hydrogen capable of imine-enamine isomerization. 

Further evidence for the suitability of structure (377) was 
obtained from an analysis of the mass spectra of the four compounds 
(377, R=H; CH, ; C,Hes and Ph). None of these fragmented under 
electron impact in the manner that Schiff bases do. Mass spectral 
studies of someSchiff bases have recently been reported by Elias and 


Gillis (1966). They showed that the molecular ion undergoes simple 


fission at the ring-nitrogen and ring-carbon bonds; the former frag- 


R R! 
N—CH 


mentation is more facile than the latter. No fragment ions due to ring- 
nitrogen fission were present in the mass spectra (Fig. 6 and 7) of 
any of the products isolated. On the other hand, the fragment pattern 
observed followed the behavior of tetrahydroquinoline derivatives under 
electron impact (Draper and MacLean, 1968) (Scheme 16, p. 148). 

A final argument against the imine structure (380) was 
based on the fact that such a structure should not be isolated under 
such reduction conditions. Schiff bases are known to be reduced in 
virtually quantitative yields either by catalytic hydrogenation or by 
chemical reagents (Adkins, 1937), and accordingly, the imine if it 
were formed would be reduced to the secondary amine (equation 3). 

R- N=CR'R" eS RA R-N—C—R'R: (3) 
Et Pel 


However, the imine is thought to have a transitory existence in the 
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formation of these tetrahydroquinoline derivatives (377). Two 
possible mechanisms can be suggested for the cyclization stage. It 
is possible that the aldol (379) dehydrates directly to give the tetra- 


hydroquinoline (377): 


Ph O NN. 
i | 
-H,0O 
“SCHR | ab ol 
OH Ph Hi 


(379) (377) 
Alternatively , the aldol could dehydrate to form the Schiff base (380) 


which then cyclizes: 


Ph 
H,0O a 
bh 
(380) 


The Schiff base intermediate mechanism is supported by the fact that 
numerous compounds containing active hydrogens are known to add 
readily to the imines in the following manner: 


RN>=CR'R" + R''*H ——— > Ce, (4) 
H 


Catalysts such as aluminium chloride or cuprous chloride are often 
required in this reaction (Layer, 1963). The pyrazolone derivatives, 
1-phenyl-2 ,3-dimethylpyrazolin-5-one (antipyrine) and 1-phenyl-3- 
methylpyrazolin-5-one are among the active hydrogen compounds 
reported to add to Schiff bases (Passerini and Ragni, 1936). This is 
due to the activity of the hydrogen atom at C-4 of the pyrazolone ring. 
Antipyrene (329) was found to add to N-benzylideneaniline (381) when 
both were dissolved in ethanol and left at room temperature for five 


weeks. The product isolated was identified as 4-benzalanilantipyrene 
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N=CH oy OH 
4 — a N—C H3 
N~ ‘CH, caees 
| 
Ph NCH, 


(381) (329) (sen) oe 


(382). 


If the postulated mechanism depicted in Scheme 15 was 


factual, it should be possible to prepare numerous compounds of the 


general structure (337) in the manner shown: ey 
O NN 
op RRs Cee On RES 
N " 
H 


(32a), b) Ph (337) 

This proved possible. Eighteen spiro-tetrahydroquinoline 
derivatives (Table 2) were obtained from the amines (32la,b) and an 
appropriate aldehyde or ketone in refluxing ethanolic solution. The 
phenolic compounds (337d, e, f, g and o) and the carboxylic acid 
derivatives (337k and p) were prepared in particular because of their 
ability to dissolve in dilute alkaline solution, a property which was 
required to facilitate a planned pharmacological evaluation. 

Aliphatic ketones are known to react with amines more 
slowly than aldehydes to form iminés. This was the case here; it 
necessitated the use of higher reaction temperature and longer reaction 
times to obtain the tetrahydroquinoline derivatives (337q) and (337r) in 
the absence of catalyst or dehydrating agent. The reaction between 
(32la) and acetone required shorter reflux time when the solvent was 
butanol rather than ethanol. Attempts to crystallize the isolated 


product were unsuccessful but the i.r. and n.m.r. spectra of this 
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Table 2: Spiro(tetrahydroquinoline)pyrazolone derivatives. 
h 
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* These compounds are included in the table for completeness but 
are previously discussed under the identification numbers 377b, c 
and d. 
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product agreed with the proposed structure. The reaction between 
the phenyl analog (321b) and acetone was more facile and the product 
was easily characterized. 

When the amines (32la, b) were reacted with formaldehyde, 
they failed to form the spiro-tetrahydroquinoline derivatives (383). 
The crystalline product obtained from heating (321b) with formalde- 
hyde solution in ethanol analyzed incorrectly for the required com- 
pound. The i.r. spectrum of the product had a carbonyl band at 1711 
ernie ievdin oN ErdniOH absorption. It remains unidentified. The 
same reaction repeated with the methyl analog (321la) failed to yield 
any crystallizable products. The required spiro-tetrahydroquinolines 
(383) were readily obtained, however, when the nitro compounds 


(319a, b) were catalytically hydrogenated over platinum using methanol 


as a solvent. i 
O 
R 
H 
IN 
(383) 
a, R=CH3 
b, R=Ph 


As a result of the successful formation of the tetrahydro- 
quinoline (383a) by catalytic hydrogenation of (319a) in methanol, the 
same reduction in ethanol was reinvestigated. It was found earlier 
that this reaction yielded only the amine (32la). However, leaving 
the reaction mixture for a further 24 hours at room temperature 
resulted in the formation of the tetrahydroquinoline (337a) along with 


the amine (32la). Separation of both compounds depended on the 
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solubility of the latter in dilute sodium hydroxide solution. A mixture 
of the related tetrahydroquinoline (337b) and the amine (321la) was also 
obtained when the same reduction was repeated in propanol. 

All the tetrahydroquinoline derivatives prepared in this 
study were identified by their correct elemental analysis and by the 
similarities between their i.r. andn.m.r. spectra and those described 
earlier for compounds (377a-d). The mass spectra of some of these 
derivatives were also recorded (Figs. 6 and 7) and some of the 
possible fragmentation pathways are suggested in Scheme 16. 
Deuteration of compound (337c) as well as recording of the spectrum 
of the 2 ,2-dimethyltetrahydroquinoline (337r) were helpful in account- 
ing for the origin of some of the fragment ions. Each compound 
demonstrated a strong molecular ion which was, in most cases, the 
strongest inthe spectrum. The expulsion of a hydrogen atom as well 
as the substituent (R') in the form of a radical from C-2 of the tetra- 
hydroquinoline ring gave rise to weak fragment ions. Exceptions to 
that are those compounds having no substituents at C-2 (383, R'=H) 


and those having aliphatic substituents (383, R'=CH, or C,Hs) where 


3 
the (M-H) and (M-R') ions were found to be relatively strong. Deuter- 
ium labelling of (337c) showed that the hydrogen atom expelled in the 
formation of ion a did not originate from the N-1 position of the tetra- 
hydroquinoline ring. The absence of this ion a in the spectrum of the 
2 ,2-dimethyltetr ahydroquinoline (337r) suggested that the hydrogen 
atom at C-2 in the other compounds is the one involved. 

An interesting fragment ion found in all the spectra 


(except the dimethyl derivative 337r) was due to the expulsion of an 


OH radical from the molecular ion. That this expulsion is direct was 
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supported by metastable ions present at appropriate m/e values in 
most spectra. Deuterium labelling ruled out any contribution from 
the amine proton since the ion at m/e 450 in (337c) was located at 

m/e 451 inthe deuterated compound. The absence of this ion in 
compound (337r) may suggest the involvement of the hydrogen atom 

at C-2 in the formation of the(M—OH)?* fragment. However, with- 
out a detailed study it is not possible to make any deductions regarding 
the mechanism of OH loss. A similar fragment ion was detected in 
the spectra of the spiro-(indoline)pyrazolone derivatives (general 
structure 430) and a tentative mechanism for its formation was suggest- 
ed in that instance (see Part III A). 

Strong fragmentation ions (d and/or d') were present in 
the spectra of all compounds. These resulted at least in part, from 
the expulsion of a pyrazolone radical from the molecular ions as 
suggested by the presence of appropriate metastables. Depending on 
which hydrogen in involved in the expulsion of the pyrazolone radical, 
the two structures (d and d') are suggested for the ion formed. It 
seems, however, that the amine hydrogen is more involved in the 
proposed migration than the C,-hydrogen. That was indicated by 
examining the spectra of both the deuterated compound (337c, N—D 
replaces N—H) and the 2 ,2-dimethyl derivative (337r). The former 
showed a major loss of 174 mass units from the molecular ion instead 
of 173 mass units lost in the non-deuterated compound (337c). The 
2,2-dimethyl derivative (337r) molecular ion also expelled a pyrazolone 
radical (to give a fragment ion at m/e 146) thus implicating migration 
of the NH hydrogen atom, or alternatively, a hydrogen atom from the 


ring methylene group. Non-involvement of the protons at C-4 was 
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Fig. 6: Portions of the mass spectra of the spiro(tetrahydroquinoline) 
pyrazolones (383a, 337a, c) and the deuterated derivative of 
(337c). 


ag a8 


7 
7 


he la ht 
seen ctartb et maw spre, thin: beanie 

1» bohm enw feet es 
al =a! 0541 Grd dv cle aa. 


na) 


eri) Sipe HOCH A" 


wees’t. aia 


pemnaricates +3 ee aYEE vs ae8e) Wie 


1 @elergahs 
9 Via A Sa i “9% iy? ® Loh i ae 


} 
fies ve | Te’ es 11% oe Mae 
i 


Relative Intensity 


100 
80 
60 
40 
20 

100 
80 
60 
40 
20 


1vo 


40 
20 
100 
80 
60 
40 


20 


147 


B53 
Ph 
4 
bs 
Rta c 
Nw SH 
118 H 
247 
158 
1? 233 261 © 336 
132 
re 367 
fo} 
yes 
N H 
H 3 
1h7 352 


Vio 120 140 140 180 200 220 240 260 340. 360 380 400 420 440 


m/e 


Fig. 7: Portions of the mass spectra of the spiro(tetrahydroquinoline)- 


pyrazolones (383b, 3371, r, 0). 
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suggested, however, by the presence of similar strong ions (d and d') 
in the spectra of the spiro-dihydrobenzothiazines (see later) in which 
the methylene group is replaced by a sulfur atom. A mechanism for 
the formation of both ions d and d' is suggested in Schemes 17 and 18 


respectively, but the latter is preferred for the reasons just expounded. 
Ph Pr 
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Scheme 18 
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Another major pathway, especially in those tetrahydro- 
quinolines which are not substituted at C-2, is the decomposition of 
the molecular ion in two ways to give ions tentatively identified as h 
andi. The latter expells a hydrogen atom to give ion k for which no 
structure is proposed. 

Another ion, which is represented in Scheme 16 as e or 
e', is present in relatively high abundance in the tetrahydroquinolines 
possessing aromatic substituents at the C-2 position. The deuteration 
experiment confirmed that the amine hydrogen atom was the one 


expelled in the formation of this ion (Scheme 19). P 
Ph | 
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A difference between the o-aminobenzylpyrazolone (321a) 


and its phenyl analog (321b) was demonstrated in their reactions with 


(321) 


salicylaldehyde. Whereas (32la) was successfully converted to a 
spiro-tetrahydroquinoline (337e), the phenyl analog (321b) failed to 


produce such a structure. Instead, a yellow crystalline product 
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-designated as(C)- was obtained. It analyzed for Co9H23N30> and had 
an i.r. spectrum which was devoid of both the lactam C=O and N—H 
absorptions present in all the spiro-tetrahydroquinolines (337). The 
spectrum contained a very broad absorption between 2100 and 3120 


cmt in addition to four medium intensity bands at 1610, 1593, 1581 


and 1568 emi . These absorptions are comparable to those in the 
i.r. spectrum of the Schiff base, salicylideneaniline (384) which was 


prepared for comparison purposes. Accordingly, from these data, 


the Schiff base structure (385) is suggested for compound (C). 


OH 
N= CH 
(384) 
Ph 
=" _ 
== 
=CH.O; “Ne 
OHS py 
(385) 


In addition to the elemental analysis andi.r. spectrum, 
the mass spectrum of(C)was also in agreement with the proposed 
structure. Although this spectrum (Fig. 8 ) displayed some similar - 


ities with the spectra of the spiro-tetrahydroquinoline (337e), it also 


showed strong fragment ions (Scheme 20) resulting from cleavage at ring 


nitrogen or ring carbon bonds of the imine group. Both these fissions 
were shown earlier (Elias and Gillis, 1966; Bowie et al, 1968) to 
occur in the mass spectra of Schiff bases. When product C was 


dissolved in DMSO-dg¢ for ann.m.r. study, ring closure occurred. 
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Fig. 8: A portion of the mass spectrum of 1 ,3-diphenyl-4-[2- 
(Q-hydroxybenzylidene)aminobenzy]1 ] -2-pyrazolin-5-one (385). 
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A spectrum very similar to that of the spiro-tetrahydroquinoline 


(3370) was obtained. In particular, the spectrum of (C) displayed 


a doublet of doublets for the methylene group. Such a signal was 
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demonstrated, throughout the present study, solely in spiro-compounds 
such as (337e). Compound (385), therefore, is converted in the 
n.m.r. solvent (DMSO -d;) into the isomeric pe erergy os oduinoline (386). 
Olen 

N 


Ph 
OH 


N 
ak a) 


OH 
(3370) (386) 


Reduction of (C) by means of sodium borohydride in 
aqueous dioxane did not yield any crystalline product. Also, methyla- 
tion with dimethyl sulfate gave an alkali-insoluble product which was 
difficult to purify. The mass spectrum of the crude methylated product 
displayed a weak molecular ion at m/e 473 which indicated a dimethyl 
derivative in agreement with a Schiff base precursor (385) rather than 
a tetrahydroquinoline (386), since in (385), methylation of the pyrazo- 
lone nucleus, could also occur. As shown in the i.r. and mass 
spectra of the isolated products, methylation occurred at the N-2 
position of the pyrazolone ring. The i.r. spectrum displayed a C=O 


at 1660 ae 


which is expected only when the pyrazolone nucleus has 
an «,8-unsaturated carbonyl group (Nakanishi, 1962). The mass 
spectrum displayed, in addition to the M-1 and M-15 ions, a very 
strong ion (the strongest in the spectrum) at m/e 118. A similar 

ion was identified earlier (p. 89) in the mass spectrum of the N-2 
methyl derivative (324b) as the fragment (Ph—-C=N—CH, a 
Ph—C=N— CH3). Accordingly, a structure (387) was assigned to the 


dimethyl derivative obtained from (C). 
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(387) 


Acetylation of compound (C) with acetic anhydride pro- 
duced a diacetate product (D) of molecular formula C,3H,N,0,. 
Three diacetylated structures (388), (389) and (390) are possible. 


The O-5 position of the pyrazolone nucleus was found earlier to be 


most susceptible to acetylation by acetic anhydride. However, 
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structure (388) was ruled out readily by examining the i.r. spectrum 


of (D) which contained three carbonyl bands at 1764, 1720 and 1666 


-] 
cm . Compound (388), if it was formed, would show only two ester 


carbonyl bands. Thei.r. spectrum of (D) also disagreed with the 


acetylated compound being (389) which is not expected to show C=O 


absorption around 1720 cm7! . Compound (390) is also a doubtful 
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possibility since the C=O stretching band at 1666 cm! is relatively 
low for a ketonic carbonyl. 

The similarities in the i.r. andn.m.r. spectra of the 
isolated product (D) and a diacetate derivative (391) obtained by 
acetylation of an authentic tetrahydroquinoline (3370) suggested two 
related structures. The i.r. spectrum of (391) had three C=O 
absorption bands at 1765 (ester), 1715 (lactam) and 1668 cm! (cyclic 


amide) which are closely related to those in the i.r. spectrum of (D). 


Ph Ph 
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Ph 
H OCOCH, 
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(391) (392) 


The n.m.r. spectrum of (391) displayed two methyl signals at 62.1 
(OCOCH3) and at 62.23 (NCOCH3) , a doublet of doublets centered at 
OS. On (CH,) and an aromatic multiplet which included the C-2 proton 
signal. The corresponding signals in (D) were located ats1.93, 2.24 
and 3,26. These spectral similarities led to the assignment of cyclic 


structure (392) for the diacetate product (D). 


Reactions of spiro-(tetrahydroquinoline) pyrazolones 
(a) Acetylations: Acetylation of some other tetrahydroquinolines were 


attempted initially to compare the spectral characteristics of the 


products with those of compound D. The tetrahydroquinoline (337n) 
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yielded a monoacetyl derivative identified as (393). This structure 

was confirmed by elemental analysis (C3,H,5N302) RU ee i (Ve=o at 
1666 and 1720 cm™+) and n.m.r. spectra. When the tetrahydroquinoline 
(337e) was acetylated, it yielded a diacetylated product identified as 


(394). It analyzed correctly for C, He 5N304 and its i.r. spectrum 


8 
showed three C=O absorption bands at 1766 (ester), 1700 (lactam) and 
1670 (cyclic amide). Then.m.r. spectrum of this compound had 


three methyl signals at 60.78, 1.86 and 2.18. The first of these 


signals was surprisingly far upfield, a position not expected for any of 
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the methyl groups in compound (394). In order to assist in deciding 
its origin, the acetyl derivatives (395) and (396) were prepared. The 


results are summarized in Table 3 and indicate that it is the methyl 
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Table 3: The n.m.r. chemical shifts (relative to TMS) of the methyl 
and C,—-H signals in some acetyl derivatives of spiro-tetrahydroquino- 


lines and spiro-dihydrobenzothiazines, 


{ 
NCOCH, OCOCH, N—C—CH, 


393 6.5 
394 6.25 
395 6.13 
396 * 
391 ‘ 
392 * 
397 5.16 
337bt 


* located within aromatic multiplet. 
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group on the pyrazolone ring which produces the upfield methyl signal 
in compound (394). A tentative explanation, based on the examination 
of Dreiding models, is that the N=C—CH, group is forced to align 
itself on top of the phenyl ring at C-2 of the tetrahydroquinoline ring 
or C-3 of the dihydrobenzothiazine ring and thus is greatly shielded. 
In addition, the hydrogen atom attached to the same carbon atom as 
the phenyl ring is forced into the plane of this phenyl ring, adopting 
"aromatic-like'' character and therefore a downfield position. This 
explanation is supported by a study of the spectrum of the acetyl 
derivative (397) which lacks an aromatic substituent at C-2 of the tetra- 
hydroquinoline ring. Inthe n.m.r. spectrum of this compound, the 
pyrazolone methyl signal came to resonance at $1.74. This signal 
was found to be at 61.88 in the non-acetylated tetrahydroquinoline 


(S37bhci fe) 259%5 Hbfor COCH,). 


Ph 
| 
O No 
| 
as CH, 
N CH,CH, 
CH.CO 
(397 


(b) Reductions: Whereas sodium borohydride reduction of the imine 
(385) in aqueous dioxane gave no crystalline products, similar reduc- 
tions of the isomeric spiro-tetrahydroquinolines (337a, b, c and é) 
yielded amphoteric products which analyzed for Ci gH) gN,OR. The 
ease of solubility of these products in aqueous sodium hydroxide 
suggested the presence of an enolizable hydrogen at C-4 of the pyrazo- 
lone nucleus. Structure (398) is suggested for the reduction products; 


this suggestion is supported by the spectral characteristics of these 
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d, R=o-hydroxyphenyl 
products. Their i.r. spectra displayed an N—H absorption band 


around 3300 cm” 1 


, lacked C=O absorption and showed broad absorp- 
tion between 2100 and 3300 cm~! which could be attributed to a 
bonded OH stretching band. Then.m.r. spectra of these products 
were very informative. In addition to the pyrazolone methyl signal 
and the aromatic signal, two deuterium-exchangeable protons and two 


methylene signals were also present. One methylene signal was a 


singlet while the other was a singlet or multiplet depending on the 


Leo 


adjacent substituent (R). The mass spectra (Fig. 9 ) of the amphoteric 


products also supported the suggested structures (398). Some of the 
fragment ions in these spectra are tentatively identified in Scheme 21. 


The presence of ions a and b are of special interest since both 


contained an intact NHCH,R unit. Unlike compounds (398a) and (398b) 


which expelled the substituent (R) as a radical and gave fragment c, 
compound (398c, R=Ph) lacked this ion, but instead expelled a C2H7 
radical to give an ion of medium intensity at m/e 278. 
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Portions of the mass spectra of 4-(2-substituted aminobenzyl) - 
3-methyl-1-phenyl-3 -pyrazolin-5-ones (398a, b, c). 
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and c) were also performed using lithium aluminum hydride in ether. 
Two products were isolated from each reduction mixture, the minor 
product was basic while the major product was amphoteric. The 
proportion of these compounds was virtually reversed when the 
reduction of (337a) was carried out in tetrahydrofuran. In contrast, 
only the amphoteric product was obtained, when (337c) was reduced 
with lithium aluminum hydride/aluminum chloride in ether. 

The amphoteric products were identical to the compounds 
obtained by sodium borohydride reduction of 337a, b andc, i.e. 398a, 
b and c respectively. The basic products analyzed for C; gH), gN3R 
(R=CH3, C>Hs or Ph) and their mass spectra displayed molecular ions 


at appropriate m/e values for these formulae. This indicated that 
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the lactam C=O groups were reduced by the action of lithium aluminum 


hydride, a reagent which is known to reduce pyrazolones to pyrazoline 
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and pyrazolidine derivatives (Bowman and Franklin, 1957; Hinman 
et al, 1960; Bouchet et al, 1966; Elguero et al, 1971). The basic 
properties , the elemental analyses and the mass spectra of these 


products suggested that they were pyrazoline derivatives (399). 
Ph 


(399) 


Their i.r. spectra lacked carbonyl absorptions, However, each had 
two absorption bands near 3400 cml (sharp) and 3300 cm7! (broad) 
which was somewhat puzzling since only one N—H stretching band 


was expected. 
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Part II: REDUCTIONS OF 4-(2-NITROPHENY LTHIO)-2- 


PYRAZOLIN-5-ONES. 


Introduction: 

A related investigation to the one discussed in part lis 
the study of the sodium borohydride/palladium-charcoal reduction of 
some 4-(2-nitrophenylthio)pyrazolin-5-ones to see whether cyclic 
N-hydroxy compounds could be obtained. The reduction of four of 
these derivatives (400 and 401) was initially performed by Pound 
(1970). Two products were obtained from the sodium borohydride/ 


palladium -charcoal reduction of 3-methyl-4-(2-nitrophenylthio) -1- 


Mg. = ony og en 


(400) (401) 
a, R= CH, Rs Pit 


by Ro R= Ph 

Cah eG aye Rust 
phenyl-2-pyrazolin-5-one (400a). These were identified as 9 ,9a- 
dihydro-9 -hydroxy -3-methyl-1-phenyl-1H-pyrazolo [4 ,3-b]-1,4- 
benzothiazine (402) and spiro [benzothiazoline-2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one)] (403). The N-hydroxy compound (402) 


was reported to be readily oxidized in air to the spiro benzothiazoline 


CH 
S CH, 3 
| = Ny Aa 
fi * N—Ph 
OH bh H 
(402) (403) 


derivative (403) and a mechanism for this transformation was 
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suggested. Although the structure of the spirobenzothiazoline (403) 

is not in question, the structure of the proposed N-hydroxy compound 
(402) became doubtful for two reasons: 

(a) The compound prepared by Pound (1970) was found to be amphoteric. 
An investigation of the properties of some cyclic N-hydroxy compounds 
described earlier in this thesis suggested that the N-hydroxy function 
in such a structure (402) would be neutral and therefore sucha 
compound should be insoluble in alkali. 

(b) The ease of conversion of the proposed N-hydroxy compound (402) 
to the spiro-benzothiazoline (403) suggested structural similarities, 
otherwise, a rather exotic rearrangement mechanism is required to 
éxplain this facile conversion, 

For these two reasons, the reduction of two 4-(2-nitro- 
phenylthio)-2-pyrazolin-5-ones was reinvestigated. These two 
compounds were 3-methyl-4-(2-nitrophenylthio) -1-phenyl-2-pyrazolin- 
5-one (400a) and 4-(2-nitrophenylthio)-1 ,3-diphenyl-2-pyrazolin-5-one 
(400b). 

Preparation of two 4-(2-nitrophenylthio) -1-phenyl-2-pyrazolin-5-ones 
(400a,b). | 

Both compounds (400a) and 400b) were prepared by one of 
the methods reported by Coutts et al (1966). The condensation of 
o -nitrobenzenesulfenyl chloride (404) with 3-methyl-1 -phenyl-2- 
pyrazolin-5-one (405a) in acetonitrile resulted in a good yield of 
3-methyl-4-(2-nitrophenylthio) -1 -phenyl-2-pyrazolin-5-one (400a). 
Similarly , 4-(2-nitrophenylthio)-1 ,3-diphenyl-2-pyrazolin-5-one 
(400b) was obtained by the reaction of o-nitr obenzenesulfenyl chloride 


(404) with 1 ,3-diphenyl-2-pyrazolin-5-one (405b). 
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Reductions of 3-methyl-4(2-nitrophenylthio) -1-phenyl-2-pyrazolin- 


5-one (400a). 


Method (A): Use of sodium borohydride and palladium-charcoal in 


sodium hydroxide solution. 

Because of its ability to enolize, this pyrazolone derivative 
is soluble in dilute alkalis. Accordingly , the sodium borohydride/ 7 
palladium -charcoal reduction was carried out initially in 10% sodium 
hydroxide solution. On peter a of the reaction, the filtrate was 
acidified with dilute acetic acid to yield a copious cream coloured 
product (E) which was readily soluble in 95% ethanol. On standing, 
however, a product precipitated from the solution. This compound, 
product (F), was no longer soluble in ethanol or most other organic 
solvents. Concentration of the mother liquor remaining after 
removal of product (F) led to the separation of variable yields of the 
previously identified spiro [((benzothiazoline-2 ,4'-(3'-methyl-1'-phenyl- 


1H-pyrazolin-5'-one)] (403). 
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The elemental analyses of both products (E) and (F) 
indicated isomeric structures , Ci 6H) 5N30S. The mass spectra of 
both were virtually identical and confirmed their molecular weights 
(297). Thei.r. and n.rn.r. spectra of both products were also 
identical. The ethanol-insoluble product (F) could be reconverted to 
product (E) by dissolving (F) in dilute sodium hydroxide solution and 
acidifying with dilute acetic acid. Because of this ease of intercon- 
version, it was concluded that products (E) and (F) were diamorphic, 
although such a difference in solubility characteristics is difficult 
to explain. 

In order to identify the structure of this amphoteric 
product, the number of acidic groups in (F) was determined titrimet- 


rically. The equivalent weight of this compound was found to be 148 


which indicated that (F) possessed two acidic groups. The insolubility 


of this compound in sodium carbonate solution suggested that both the 
acidic groups were phenolic and/or enolic. At this point, it was 
possible to conclude that the proposed N-hydroxybenzothiazine 
structure (402) for product (F) was no longer valid. 

Attempts were made to prepare chemical derivatives of 
(F) in order to help in positive identification. Although a pure 
acetylated derivative could not be prepared, it proved possible to 
isolate pure methyl and benzoyl derivatives. Methylation by means 
of dimethylsulfate in dilute sodium hydroxide solution produced a 
dimethyl derivative of (F) of molecular weight 325 (mass spectrum). 


Its i.r. spectrum showed a C=O absorption band at 1670 cm7! in 


addition to an N—H stretching band at 3345 cm”! . This indicated that 


product (F) also possessed a C=O group. The presence of an 
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enolizable hydrogen at C-4 of the pyrazolone ring accounts for the 
apparent absence of C=O absorption in the i.r. spectrum of (F) 
[ which, however, did have a medium intensity absorption band at 
1626 cm-! (bonded C=O?) J and also for its solubility in dilute 
alkali. The dimethyl derivative was no longer soluble in sodium 
hydroxide solution due to the absence of this enolizable hydrogen. 

Benzoylation of product (F) was achieved by treating a 
cold sodium hydroxide solution of this product with benzoyl chloride. 
The elemental analysis (C37Hz7N304S) and the mass spectrum (Mt, 
m/e 609) of the resulting product revealed it was atribenzoate. An 
accurate mass determination of the molecular ion was in agreement 
with this molecular formula. 

Product (F) was also found to be very readily oxidized to 
compound (G) which Pound (1970) identified as the spiro(benzothiazo- 
line)pyrazolone (403). Thus, when (F) was suspended in ethanol and 


the suspension exposed tothe atmosphere, the compound first entered 


solution. On standing, however, yellowcyrstals identical with product 


(G) precipitated. The same occurred when (F) was dissolved in 
DMSO-dg in order to record its n.m.r. spectrum; a mixture of both 
compounds (F) and (G) was indicated by the spectrum. Another 
spectrum taken on the same sample after a few hours demonstrated 
only the presence of compound (G). This ease of oxidation of (F) to 
(G) indicated a similarity in both structures. 

Based on all these findings, the structure of product (F) 
is concluded to be 4-(2-mercaptophenylamino) -3 -methyl-1-phenyl-2- 
pyrazolin-5-one (406). The absence of lactam C=O absorption in 


the i.r. spectrum of (406) suggests that the compound exists in the 
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enolic form in the solid state. However, a. closer look at the spectrum 
revealed the presence of a medium intensity absorption at 1626 cm}, 
This band could be due to a strongly bonded C =O absorption of the 
"NH" tautomer which is normally expected to be around 1670 cm-! 
(Newman and Pauwels, 1969). The absence of a similar band in the 
i.r. spectrum of the diacetyl, dimethyl and tribenzoyl derivatives of 
(414) indicated that this assignment might be correct. Lack of 
solubility of compound (406) in most organic solvents and its ease of 
conversion to the spiro-benzothiazoline (403) hindered measuring the 
i.r. spectrum in solution. The absence of any C=O absorption 
close to 1700 cm™! indicated the absence of any contribution from 

the 'CH'' form. The presence of a broad absorption band between 
2400 and 3300 cm~! masked the S—H stretching absorption which 
normally occurs as a sharp, easily recongnized band in the range 


: could 


255082600 om -- , however, the weak maximum at 2600 cm 
be due to this absorption. The apparent lack of a stretching band for 
the thiol group earlier (Pound, 1970) led to the incorrect assignment 


of structure (402) to product (F). That the thiol function was present 


so I 


> te ay rn 
» oGonytniea 


2h pen hing) shea 


ani ots ea Aries 


a eae oh bl § 


fasto? HA} (808) 


muy tioeqe edi ts dool 1se0lo 6 ,r9vswoH .eisie biloe edt ai mito? sions 
{ ems aS01 ts moliqtoeds yttenoiat mulbem s to's 2nesexq od? bolsevet 


otf Yo aoltgtoeds O== D hebaod yigaozte s of sub 3d bivos basd sidT 
t-on> OVS! Bawore od of betovexe ylismron ef doldw xemoijust "HM" 


edt ni bead «silinie 6 Yo somseds oAT .(PO0L , elewns bas asmwsh) 


to sovitaviteb Iyornsdint bas fydiemib ,Iyteosib od3 to mutioeges .+.! 
to Mosk «=. d99n%160 9d tegirn insmagiees atdt jadt bestaoibnt (S14) 

lo ease aii bus einevioe yinegx0 teouy ai (80%) Snvogmod to yillidsioe 
edt gaixrvesom betobald (E08) sniiozsidiosaed-orlge ed? of notetsvacl 
acttqroeds OD yas lo sonsads fT .moituloe nt mwriosgqe .t.t 
cov? woliudittnos vite 16 songeda sdt betsoibat ‘~nia 00T le? esolo 
neewied bused noliqroeds hkoetd to samene7q SAT .eitok "HO" oft 
doidw moltq1oeds yabistette H=2 ods betes ‘ars 00EE bas OOPS 
egnst ef? at basd besiagaoset ylisss ,qusde s 96 @t0990 vilsorton 
bluos |" mrs 0005 tn mumbacim aaow edt , reveword , “ers 008S-028S 
101 baed gaidotetie s to #osl tnexeqgs edT  . noliqroeda’ aii? of sub od 


ut 


tusmnyizes Joe7100R1 ods of Bol {OTeL . Saved) «9ifitse quotg lold? sds : 


insae.q esw aottocyi Joint ott ted . (FE) souboxq of (SOF) et 
e , oe ot 


ie vw, 


169 


in (407) was clearly demonstrated in the mass spectrum (Fren0)r of 
this compound and was inferred from the i.r. and mass spectra of the 
diacetyl, dimethyl and tribenzoyl derivatives (see later). 

The n.m.r. spectrum of compound (406) was measured 


immediately after dissolving it in DMSO-d, , that is before oxidation 


6? 
couldoccur. It showed a three-proton signal at 62.05 which was 
attributed to the methyl group of the pyrazolone ring. The only 
other feature in the spectrum was the presence of a twelve proton 
multiplet between 66.3 and 8.0; two (or three) of these protons were 
exchangeable with deuterium. The signals of both the N-H and S-H 
protons as well as that of the pyrazolone ring proton are probably 
masked under this aromatic multiplet. Due to the adjacent nitrogen 
and sulfur atoms, the pyrazolone ring proton might be expected to 
appear downfield within the aromatic region. This suggestion is 
supported by the fact that no separate signals for the pyrazolone 
proton are detected in the n.m.r. spectra of the 4-(2-nitrophenylthio}-2- 
pyrazolin-5-one derivatives (400). 

Elemental analysis, i.r. and n.m.r. data, therefore, are 
in agreement with the suggested structure (406) for the amphoteric 
product (F). This structure can also explain the ease of oxidation of 


product (F) to product (G) which was demonstrated on several 


occasions. 
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Product F (406) Product G (403) 
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The mass spectrum of 3-methyl-4-(2-mercaptophenyl- 
amino-l -phenyl-2-pyrazolin-5-one (406) is shown in Fig. 10 and its 


suggested fragmentation pathways are outlined in Scheme 22. The 
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Fig. 10: A portion of the mass spectrum of 4-(2-mercaptophenyl- 
amino) -3-methyl-1-phenyl-3-pyrazolin-5-ones (398a,b,c). 

major fragment (a) resulted from expulsion of a hydrogen molecule to 

give the spiro-benzothiazoline (403) and then followed the same 

fragmentation pattern of this compound; these will be discussed 

later in this thesis (part III A). Pound (1970) found that increasing 

the temperature of the probe or the length of time of bombardment 

resulted in increasing the intensity of the peak at m/e 295 which is 

the molecular ion of the spiro-benzothiazoline (403). It was suggested 

that rapid oxidation of compound (406) occurred in the probe of the 

spectrometer. Minor fragmentation pathways of compound (406) were 

very informative. These were the loss of an SH radical and a water 

molecule from the molecular ion; the first fragmentation was support- 

ed bythe presence of a metastable ion. None of these fragments 

were found to be present in the mass spectrum of the spiro-benzo- 

thiazoline (403). Attempts to deuterate the amphoteric compound 


(406) were unsuccessful and resulted only in the formation of the 
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deuterated spiro-benzothiazoline derivative (M* , m/e 296). 
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A mechanism for the formation of the 4-(2-mercapto- 
phenylamino)pyrazolone derivative (406) from the nitrophenylthio- 
pyrazolone (400 a) is sic veatetl in Scheme 23, This is reminiscent 
of the work reviewed by Loudon and Tennant (1964) who considered 
that the nitro group can provide an electrophilic centre for additive 


reactions of the type exemplified by an aldol condensation: 


| + 
ia ee (5) 


hy lal 
OS iee ae H,CXY¥ 
OH 
A similar intramolecular reaction can occur in the nitro compound 
(400a) between the active hydrogen at C-4 of the pyrazolone ring and 
the nitro group and this could lead to the heterocyclic intermediate 


(407). Reduction of (407) would result in the formation of the 
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spiro-benzothiazoline (403) which then further reduced to the 4-(2- 
mercaptophenylamino)pyrazolone (406). It is believed that this intra- 
molecular condensation could also occur under neutral conditions 
because the same products were isolated when the nitro compound 
(400a) was reduced by zinc and ammonium chloride in aqueous ethanol. 
In order to verify the as sumption that the spiro-benzothi- 
azoline(403) is obtained first then further reduced to compound (406), 
a pure sample of (403) was reduced by sodium borohydride and 
palladium -charcoal in a mixture of dioxane and dilute sodium hydroxide 


solution. As expected, compound (406) was the main product isolated. 


Methylation of 3-methyl-4-(2-mercaptophenylamino)-1-phenyl-2- 
pyrazolin-5-one (406): 


Initially , attempts to methylate this compound with diazo- 
methane only resulted in its oxidation to the spiro-benzothiazoline 
(403). However, when (406) was dissolved in cold dilute sodium 
hydroxide solution and dimethyl sulfate was added dropwise, an 


insoluble product separated, Crystallization of this product yielded 
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a compound which analyzed correctly for C) gH) 9N30S. An accurate 
mass measurement of the molecular ion at m/e 325 verified this 
formula. This compound was identified as the dimethyl derivative 
2 ,3-dimethy1-4-(2-methylthiophenylamino) -1 -phenyl-3-pyrazolin-5- 
one (408). GH 
3 
CH, 
rich 
H Ne CH, 
Ph 
(408) 
Methylation at N-2 of the pyrazolone nucleus was indicated 


by the i.r. spectrum which displayed a C=O absorption band at 1670 
et 


cm Such a bandis only expected when the pyrazolone ring exists in 
the "NH" form (408) (Nakanishi, 1962; Newman and Pauwels, 1969). 


The mass spectrum of this dimethyl derivative (Fig. 11, Scheme 24) 
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Fig. ll: <A portion of the mass spectrum of 2 ,3-dimethyl-4-(2- 
methy lthiophenylamino) -1-phenyl-2-pyrazolin-5-one (408). 
had a strong ion (the base peak) at m/e 56. This ion, which corres- 
+ + 
ponds to CH,—C=N- Che ae ots C=N-—CH3, was found in the 
spectra of antipyriyne, aminopyrine (see part III A) and in the spectrum 


of the N-methylpyrazolone (324) prepared earlier in this study. The 
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fact that S-methylation had occurred was substantiated by the chemical 
properties and the mass spectrum of this compound. The product 
obtained was no longer soluble in sodium hydroxide solution which 
indicated replacement of the hydrogen of the thiol function. Also an 
S-H stretching band was not detected in the i.r. or inthe n.m.r. 
spectra. The mass spectrum of this compound (Scheme 24) was most 


informative. It gave a molecular ion at m/e 325(C N30S) and 


iskig 
an abundant (M-47) fragment ion (C}7H)¢6N30). This accounted for 
the loss of an SCH, radical from the molecular ion, a fragmentation 
supported by the presence of a metastable ion. The-loss of OCH3 or 


SCH3 radicals from ethers or thioethers is not a common fragmenta- 


tion pathway, but might be expected to occur if it leads to a stable 


even electron cyclic ion such as (409). A similar ortho effect was 
GH ecelesi a 
ee aN 
cH, 
(409)., m/e 578 
(408); My mile 325 dh 


Scheme 24 
recently reported by Cable et al (1972) who examined the mass spectra 
of phenylhydrazones and 2 ,4-dinitrophenylhydrazones of ortho substi- 
tuted benzaldehydes and acetophenones. They found that a fragment 
ion resulted from the loss of the ortho group (I, Br, Cl, OH and OCH3) 


as aradical. This process leading to an (M— X)* ion was visualized 
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as the internal displacement of the ortho-substituent by the charge 
localized on the amino nitrogen of the diphenylhydrazone (410) leading 


to the even electron cyclic ion (411). 
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The n.m.r. spectrum of the methylated product was also 
consistent with the proposed structure (408). It displayed three 
3-proton singlets at §2.14, 2.39 and 3.03, which are assigned to the 
C-CH3, S-CH3 and N-CH3 groups respectively since the equivalent | 
C-CH3 group in the non-methylated compound (406) was detected at 
&2.04 and the equivalent N-CH, group in antipyrene (329) came to 
resonance at 62.94. Then.m.r. spectrum also contained a deuter- 
ium -exchangeable proton at £6.12 which was assigned to the N-H 
proton. 

Benzoylation of 3 -methy1-4 -(2-mer captophenylamino)- 1-phenyl-2- 
pyrazolin-5-one (406): 

Benzoylation of compound (406) was carried out in the 
manner described by Pound (1970). Treating a sodium hydroxide 
solution of (406) with benzoyl chloride resulted in a semisolid which, 
when chromatographed on a silica gel column, produced several 
dark oils. One of these oils solidified on repeated trituration with 
petroleum ether. The elemental analysis (C,2H,2N,0,S) and the 
mass spectrum (M? , m/e 609) of this compound revealed that it was 
a tribenzoate derivative. An accurate mass measurement of the 


molecular ion was in agreement with this molecular formula. Two 
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structures (412) and (413) were suggested earlier (Pound, 1970) for 
this compound but these suggestions were based on identification of 
the non-benzoylated derivative as the N-hydroxybenzothiazine (402). 
However, after reassessment of this structure, the tribenzoyl 


derivative is now identified as: 4-[N-benzoyl-N-(2-benzoylthio- 


R 

S (ors 2 CH, 

Ne B: NAR 

OR Ph dp Ph 
(412) ee (413) 


phenyl)amino ]-5-benzoyloxy-3-methyl-1-phenylpyrazole (414). That 


O-benzoylation had occurred was shown from the i.r. spectrum which 
Sieh 


CO CO Ph 
Ph Ph 
(414) 


displayed a C=O Shoes band at 1758 cm™! (cf. p. 90) and by 
examining the mass spectrum of the product which showed the 
expulsion of a benzoyloxy radical (PhCOO’) from the molecular ion. 

A strong metastable at m/e 391.04 indicated that this expulsion was, 
at least in part, directly from the molecular ion. Benzoylation of 
both the NH and SH functions was apparent from the absence of any 

NH or SH absorption bands in the i.r. spectrum. In addition, a 
C=O absorption band at 1679 could be attributed to both S-benzoyl 

and N-benzoyl functions. The latter is known to absorb in this region. 
] 


Also diarylthiol esters are reported to absorb close to 1685 cm | 


(Nyquist and Potts, 1959; Baker and Harris, 1960; Bellamy, 1968). 
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The mass spectrum of compound (414) is shown in Fig. 12 
and the proposed fragmentation pathway are presented in Scheme 25. 
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Fig. 12: <A portion of the mass spectrum of 4-[ (N-benzoyl-N - 
(benzoylthiophenyl)amino ]-5-benzoyloxy -3-methyl-1 - 
phenylpyrazole (414). 
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In addition to the major loss of PhCOO’ radical from the molecular 
ions , two weak fragment ions at m/e 472 and m/e 399 correspond to 
the expulsion of a PhCOS’ and two PhCO’ radicals from the molecular 
ion. Although no metastables to support these two losses are present, 
the absence of other ions in the spectrum suggested that they originate 
directly from the molecular ion. As usual in all the benzoyl deriva- 
tives , the spectrum showed a strong ion at m/e 105 (Phco)t which 
expelled a carbon monoxide molecule to give another strong ion at 
m/e 77 (C,Hs). 

Acetylation of 3-methyl-4-(2-mercaptophenylamino) -1-phenyl-2- 
pyrazolin-5-one (406) 

Trials to acetylate compound (406) by heating with acetic 
anhydride or acetyl chloride in benzene were unsuccessful and resulted 
only in the isolation of the spiro-benzothiazoline (403). However, 
when compound (406) was treated with acetic ahydride in cold pyridine, 
a yellow NaOH-insoluble product was collected. Crystallization of 
this compound proved difficult but the i.r., the n.m.r. as well: as 
the mass spectra indicated that it was a diacetate which is identified 


as 5-acetyloxy-3-methyl-4-(2-acetylthiophenylamino) -1-phenyl- 


pyrazole (415). W 
| : CH, 
S i n-N 
Ph 
H2C-CO 
Sa COCH, 
(415) 


The i.r. spectrum of this compound had an N—H absorption 


at 3368 en and two C=O absorption bands at 1720 (SCOCH,) and 
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1788 (OCOCH3) cm~!. Alkyl and aryl thioesters of the type 
C,H, SCOR are known to absorb near 1710 cm”! (Bellamy, 1968). 
The presence of the thioester C=O absorption in compound (415) at 
a Slightly higher frequency than reported may be due to the presence 
of a bulky substituent in the o-position (cf. Schubert and Sweeney, 
1.9:5:5) . 

The n.m.r. spectrum of (415) contained three methyl 
Signals at §2.15, 2.22 and 2.44 and one D-exchangeable proton at 
§6.2 (N-H). A molecular ion at m/e 381 in the mass spectrum of 
the product is in agreement with the diacetate structure. This ion 
fragmented by two successive losses of ketene molecules. Also, a 
loss of a molecule of acetic acid from both the molecular ion and 
the (M-42) ion was demonstrated by the fragment ions at m/e 321 and 
209 

Attempts to isolate the diacetyl derivative (415) in a pure 
crystalline form gave only, after long standing in ethanol, a crystal- 
line compound which ae shown to be the spiro-benzothiazoline (403). 
This compound is believed to be formed from the diacetyl derivative 
(415) by hydrolysis then oxidation since none of the spiro-benzothi- 
azoline (403) was demonstrated in the i.r. or the n.m.r. spectra of 
the crude acetylation product. 
Method (B): Use of sodium borohydride and palladium-charcoal in 
dioxane. 

It was shown earlier in this study that changing the solvent 
system in the sodium borohydride/palladium-charcoal reductions of 
the o-nitrobenzylidene derivatives (318) from sodium hydroxide 


solution to dioxane resulted in the formation of cyclic N-hydroxy 
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compounds as major products. To find out whether it was possible to 
obtain any related N-hydroxy compounds from the o-nitr ophenylthio 
derivative (400a), the sodium borohydride/palladium-charcoal 
reduction was carried out in dioxane. However, even when several 
modifications in the reduction time and/or the quantities of reducing 
agents were made, only two products, the thiol (406) and the spiro- 
benzothiazoline (403) were obtained, but this time the latter (403) was 
the major product. The amine (416) was not isolated in any appreciable 
amount from the reduction mixture; this amine was claimed earlier 
(Pound, 1970) to have been the major product obtained when the sodium 
borohydride/palladium-charcoal reduction of (400a) was carried out in 
dioxane. 

Method (C): Use of iron and ferrous ammonium sulfate. 

Reduction by means of iron and ferrous ammonium sulfate 
is a common method for the reduction of nitro compounds to the-corres- 
ponding amines (Hickenbottom, 1959). However, when this reduction 
was performed earlier in this thesis with the o-nitrobenzyl derivative 
(319a), the cyclic N-hydroxy compound (338) was isolated along with 
the amine (321). When the o-nitrophenylthio compound (400) was 
reduced in a similar way, no cyclic N-hydroxy compounds were 
obtained; only the amine (416) was isolated in a good yield. Identi- 
fication of this amine was based on comparison of its physical and 
chemical properties with those reported earlier (Angelini and Martani, 
1955; Pound, 1970). Thei.r. spectrum of this amine (416) 
indicated that it is present in the solid state in the NH =— OH forms. 
As observed with the related amines (321), the C=O and the primary 


amines absorption bands of compound (416) were located at lower 
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frequencies than expected (1625, 3145 and 3295 cm~!), This shift 
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(416) [NH form | 


(416) [CH form] (416) [OH form] 


may be accounted for by the possibility of intermolecular or even 


intramolecular hydrogen bonding. 


The mass spectrum of compound (416) was recorded (Fig. 


13) and its major fragmentation pathways are suggested in Scheme 26. 
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Fig. 13: A portion of the mass spectrum of 4-(2-aminophenylthio) - 


3-methyl-1-phenyl-3-pyrazolin-5-one (416). 


Cleavage of the C—S bond occurred on both sides of the sulfur atom. 


Some differences exist in the behavior, under electron impact, of 


this amine (416) and the related amines (321) discussed earlier (p. 83). 


These included the absence here of both the (M-18)* and (M-19)* 


ions. This spectrum also had an ion at m/e 105 (PhN>)* which was 


181 


sf 


(ES .q) 19H tae boasvoak ({SC) eettiens betsiot od? bas’ betta icel 


a Ms ea . 

| an Be, 3 ts 

acta Ayes BME = pany 

4a aie in oe ie yeas 
an 


—o8- oe a 
iy inane (ate) sea & ieelvet 
eon ae 


ge 1 = "Ttet 


Ain Tae 


oe, 
=o 


Aa es ae 


nan HO] (318) : nfs Ho] (0ts) 9 
asve 10 tsluvelomretat lo yiifidtssog sai yd tot betav025s od Yer 


| ' [gatbnod asgotbyd t6lu>elomstial 
-gi@) bebro291 sew {dis) Briveqmoo to mutiosgqe easar of T eanelp 


. dS amended af boteegyre O18 eyewiiisq nolisinsmge 7? tofsa eal bas (EL 
t 


a me. Sm es a ee ee ei et Oem © eee 
ole 


-(oddityasdqoaicwe~S)-* lo muisegs, essay sd3 to notttog A ser git 
- (aL) sno-c- ailosasyq-€ -lynsdq-!-Iydiem-€ . : ‘ 


Limots ‘uitlue ot lo esbie diod io beswase baod 2—-D ed¥ to ogsvselD 
to ,fosqrtl nottzels t4uau , talvaded edi at take asonsT9tib ome 


*(01-M) ban *(81-™) piiisited 2o eee s>roeds 91 
esw dotdw *(<Msi) 20! o\cn ts mol ma bad oels must 


' 


182 


absent from the spectrum of (321). 
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Method (D): Use of Zinc and ammonium chloride. 

This method is commonly used to prepare hydroxylamine 
derivatives from nitro-compounds. Reduction of (400a) was carried 
out under nitrogen using aqueous ethanol as a solvent due to the 
insolubility of the nitro compound (400a) in water alone. This resulted 
in an excellent yield of the spiro-benzothiazoline (403). When the 
reduction period was prolonged, the thiol (406) was the main product. 


Replacing aqueous ethanol by aqueous tetrahydrofuran as a solvent 
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system also resulted in isolation of the same products. Inno case, 
was it possible to isolate any hydroxylamine or cyclic N-hydroxy 
compounds. 

Method (E): Catalytic Hydrogenation. 

Finally, the nitro compound (400a) was reduced catalytically 
over platinum. Formation of cyclic N-hydroxy compounds was not 
likely using this strong reducing system; however, it was of interest 
to see if a similar reaction to that which occurred earlier during the 
catalytic hydrogenation of the nitrobenzyl derivatives (319a,b) would 
take place. This did not occur. Instead, a small amount of the thiol 
(406) was precipitated during the reduction and was separated from 
the platinum catalyst by its solubility in dilute alkali solution. The 
filtrate , after evaporation, yielded the spiro-benzothiazoline (403) as 
the major product. When the same reduction was repeated under 
pressure a third product identified as the amine (416) was also isolated 
from the reduction mixture. 

Reductions of 1 ,3-diphenyl-4-(2-nitrophenylthio) -2-pyrazolin-5-one 


(400b): 


Only three of the methods used previously with the methyl 
analog (400a) were tried on this nitro derivative (400b). These were 
the sodium bor ohydride/ palladium -charcoal reduction in 10% sodium 
hydroxide solution, the reduction by zinc and ammonium chloride and 
the reduction by iron and ferrous ammonium sulfate. The first two 
methods produced pure crystalline products, none of which was a 
cyclic N-hydroxy compound. Trials to isolate pure cyrstalline 
products from the reaction mixture obtained by the third method were 


not successful. 
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Reduction by sodium borohydride/palladium-charcoal was 
carried out in 10% sodium hydroxide solution in the same way described 
earlier for reduction of (400a). Two compounds were isolated from 
the reduction mixture and were identified as 1 ,3-diphenyl-4-(2-mer- 
captophenylamino) -3 -pyrazolin-5-one (417) and spiro-[ benzothiazoline- 
2,4'-(1' ,3'-diphenyl-1H-pyrazolin-5'-one) ] (418). The latter com- 
pound is believed to be formed by the oxidation of the thiol (417) during 
crystallization since the i.r. spectrum of the crude product was devoid 


of any C=O absorption near 1700 ae 


SH Ph 
| Ph Se ar! 
slleag 
no N—Ph 
| 1 nah, 
Ph 
(417) (418) 

Compound (417) was earlier identified by Pound (1970) as 
the isomeric N -hydroxybenzothiazine (402 , Ph instead of CH3). How- 
ever, the similarities in physical and chemical properties: of this com- 
pound and the thiol (406) led to the conclusion that the proposed struc- 
ture (417) is more likely. This compound which was soluble in dilute 
alkali solutions analyzed correctly for C,H 7N308: Its i.r. spect- 
rum and mass spectrum (Fig. 14) (Mt, m/e 359) were similar to those 
of the methyl analog (406) and consistent with the proposed structure 
(417). The molecular ion fragmented mainly by the loss of a hydrogen 
molecule yielding the spiro-benzothazoline (418). Two minor but 
diagnostic fragment ions were also present and were due to the 
expulsion, from the molecular ion, of a molecule of water and an SH 


radical to give ions at m/e 34] and m/e 326 respectively. These 


ions are believed to be analogous to those proposed earlier for the 
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Fig. 14: A portion of the mass spectrum of 1 ,3-diphenyl-4-(2- 
mercaptophenylamino) -3-pyrazolin-5-one (417). 


methyl analog (406) (Scheme 22, p.17)). 

The spiro-benzothiazoline (418) was obtained only in minor 
quantities during crystallization of the thiol (417), but it was isolated 
in a good yield when (417) was treated with cold acetic acid. Its 
identification was based on its correct elemental analysis and its 
spectral characteristics (i.r.,n.m.r. and mass spectrometry), all 
of which were similar to those observed for the methyl analog (403); 
the mass spectra of (403) and (418) are discussed later in the mass 
spectrometry section (part III A). 

When reduction of (400b) was performed using zinc and 
ammonium chloride in aqueous ethanol, the spiro-benzothiazoline 
(418) was obtained in a good yield. Prolonging the reduction time 
gave a crude product devoid of the C—O absorption at 1712 cm7! 
which was believed to be the thiol (417). However, crystallization 


of this crude product yielded only the spiro compound (418). 
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Preparation of some spiro(dihydrobenzothiazine)pyrazolones: 
pC Se A ee aaa pd Rab lied nied Sh hor asa) ctail dl nit A ie dioeaba adil 

When 4-(2-aminophenylthio) -3-methyl-1-phenyl-2- 
pyrazolin-5-one (416) was reacted in refluxing ethanol with different 


aldehydes and ketones, the expected spiro-dihydrobenzothiazines (419) 


were isolated in most cases. Identification of these products as spiro- 
[(3-substituted-3 ,4-dihydro-2H-1 ,4-benzothiazine)-2 ,4'-(3'-methyl- 
1'-phenyl-1H-pyrazolin-5-ones) ] (419) was based on their correct 
elemental analysis as well as their physical and chemical properties. 
The i.r. spectra displayed N—H stretching and lactam C=O absorp- 
tion bands similar to those observed with the spiro-tetrahydroquino- 


line analogs (337). The presence of the C=O absorption bands 
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around 1700 cm! suggested cyclized products where the pyrazolone 
ring can only exist in the '"CH'! form. This cyclization was confismed 
by the lack of solubility of these products (except those possessing 


acidic substituents) in dilute alkali solutions. In fact, some of these 
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compounds form hydrochloride salts, though with difficulty. The 
n.m.r. spectra of these derivatives also supported the assigned 
structures. In addition to the pyrazolone C-3 methyl signal, and 
Signals ascribable to the aromatic protons and the different substituents 
at C-3 of the dihydrobenzothiazine ring, each spectrum contained a 
one-proton signal near §4.8 i CHR) and another D-exchangeable 
NH signal of variable chemical shift. A common feature in most 
spectra was the appearance of two signals for both the pyrazolone 
C3-methyl group and the CH group. The separation between these 
two signals was as low as 3 Hz (R=p-hydroxyphenyl) and as high as 
14 Hz (R =CH,CH,). This separation was absent in compound (419n) 


where R=R'= CH, and also in compound (419c) were R=H and R'=COCH3. 


3 
This signal duplication is concluded to be due to the possibility of 
mixtures of positional isomers in which the methyl group of the 
pyrazolone ring is either in cis or trans position with respect to the 
substituent at C-3 of the dihydrobenzothiazine nucleus. However, an 
attempt to separate isomers of compound (4191, R=H and R'= o-nitro- 
phenyl) by means of fractional crystallization failed. 

The mechanism of formation of these dihydrobenzothiazines 
(419) is believed to be the same as that suggested earlier for the 
formation of the related tetrahydroquinolines. As was noted earlier, 
the reaction of the amine (416) with acetone required a longer time 
and higher reaction temperature. The reaction with formaldehyde 
produced an oil which was difficult to purify. The i.r. spectrum of 
this product showed a C=O absorption band at 1710 ereabutinol NE 
or OH absorptions were present. This was not investigated further. 


The mass spectra of some of these compounds (419) were 
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recorded (Figs. 15 and 16) and some tentative fragmentation pathways 
are suggested in Scheme 30. Attempts to deuterate one of the simple 
derivatives failed but it proved possible to partially deuterate com- 
pound (419i). This, in addition to accurate mass measurements 
(Table 4) of some of the fragment ions in (419d) was helpful in account- 


ing for the fragmentation pattern observed. 


Table 4. Accurate Mass Measurement Data of some of the Important 


Ions in the Mass Spectrum of the Spiro-(dihydrobenzothiazine)pyrazo- 


lone (419d). 


Composition Required m/e| Designation* 


352.1447 352.1449 


212 10532 212.0534 
181.0889 181.0892 


121.0109 121.0111 


* as in Scheme 30. 


Unlike the spiro-benzothiazoline derivatives (431) (part 
III A), most of the fragmentation pathways demonstrated here took 
place in the dihydrobenzothiazine nucleus rather than in the pyrazolone 
ring. Some similarities with the fragmentation of the spiro-tetra- 
hydroquinoline derivatives (p. 148) were apparent although in this case 
more fragment ions were observed which presumably is due to the 
ability of the sulfur atom to localize the positive charge. With only 
one exception (419c, R=H and R'=COCH3), these compounds displayed 
strong molecular ions which, in many cases, were the base peaks in 


the spectra. The loss of a hydrogen atom (R in all compounds except 
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419n) or the other substituent in the form of a radical from the C-3 
position of the benzothiazine ring gave ions of relatively low abundance 
(ions a and b respectively). An ion analogous to a was absent from 
compound (419n) where R is a methyl group and also from compound 
(419c) where the loss of the acetyl substituent as a radical resulted 

in the only strong ion in the spectrum. 

An interesting fragment ion demonstrated in all the spectra 
(although of very low abundance in compound 419c) was due to the 
direct loss of an SH radical from the molecular ion. That this loss 
of the SH radical was (at least in part) direct from the molecular ion 
was shown by appropriate metastables in all the spectra recorded. 
This , however, was not surprising since the loss of a sulfhydryl 
radical from cyclic sulfur compounds is a process observed by 
several investigators. 

Gilbert and Millard (1969) found that phenothiazine (420) 
fragments initially by the loss of its sulfur atom either as elemental 
sulfur or as SH or CSH radicals. The origin of the hydrogen atom 
lost as an SH radical was not clear , but they depicted it as originating 
from the ring nitrogen atom producing (421). 


5 


Ser 
x a 
+ x 
H 
(420) (421) 


Wahl (1970) also demonstrated the same loss from three 
bridged biphenyl derivatives (422), but he gave no explanation of the 
origin of the hydrogen atom(s) involved and did not suggest a formula 


for the resulting ion. The same investigator found that two bis- 
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RR R > 
(422) (423) 


benzylic sulfides (423) closely related to the bridged biphenyl (422) 
showed only very minor losses of SH radicals [ 0.4-2% of the molecular 
ion compared with 55-80% in case of compounds (422) ]. On the other 
hand, alkyl aryl sulfides such as (424) gave strong M-33 ions resulting 
from the expulsion of SH* radical from the molecular ion (Tatematsu 

et al, 1966). <A study of the deuterated thioether (424, ScD, replaces 
SCH.) indicated that one third of the hydrogen atoms of the SH radical 
eliminated were derived from the benzene ring (Scheme 27). 


as + 
S~CH, H-~S——CH, 


|r3 ‘ aM 


Scheme 27 
In the present study, an attempt to account for the origin of 
the hydrogen(s) involved in the °SH loss wasundertaken. Deuteration 
of the N-4 hydrogen atom of the benzothiazine ring in compound (419i) 
showed that this hydrogen is only partially involved. The molecular 
ion of the deuterated compound fragmented to give ions which corres - 


ponded to (M-33)* and (M-34)* . The mechanism illustrated in 
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Scheme 28 may explain how such ee could occur. The hydrogen 


Scheme 28 
atom at C-3 of the benzothiazine ring may alsobe involved in the man- 
ner shown in Scheme 29. It may be of significance that in the spectrum 
of compound (419n) where C-3 is disubstituted with two methyl groups, 
an (M-33) ion was present in the spectrum although its relative abun- 
dance (4%) was much less than in the related compounds (e.g. 15% in 
419a). No attempt was made to detect the involvement of any other 


hydrogens (e.g. of the ees ring) in the formation of an SH radical 
Ph 


Scheme 29 


but it is believed that these may also take part in a manner similar to 
that shown earlier by Tatematsu et al (1966) in their studies on thio- 


ethers. 


Another common fragment ion present in all the spectra 
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Fig. 15: Portions of the mass spectra of the spiro(dihydrobenzo- 
thiazine)pyrazolones (419a, b, n, d). 
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Portions of the mass spectra of the spiro(dihydrobenzothiazine) - 
pyrazolones (419e, h, i) and the deuterated derivative of (419i). 
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was the ion postulated as d or d' which resulted from the expulsion 

of a pyrazolone radical from the molecular ion. <A similar ion was 
also demonstrated in the mass spectra of the tetrahydroquinoline 
derivatives (337) although in the dihydrobenzothiazines (419) no meta- 
stables were found to support its direct formation from the molecular 
ion. Also here, deuteration of compound (419i) indicated that the 
hydrogen atom at N-4 of the benzothiazine ring was the one mainly 
involved in the loss of the pyrazolone radical (Scheme 31) since 174 


mass units were lost from the molecular ion of the deuterated com- 
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pound (419i, D replaces H) instead of the 173 mass units expelled 
from the molecular ion of (419i). Some expulsions of 173 mass units 


were also demonstrated in the same deuterated compound which might 
suggest the involvement of the hydrogen atom at C-3 (Scheme 32). 
However, incomplete deuteration or D-H exchange in the mass 
spectrometer may account for such loss. 

The mass spectrum of the 2 ,2-dimethyl compound (419n) 


showed a strong M-173 ion (the base peak) which adds evidence to the 
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Scheme 32 
proposed involvement of the amine hydrogen in the formation of this 
ion. Another strong ion at m/e 150 in the spectrum of the same 
compound (419n) is formulated as ion d (R =CH3) although the mechan- 


ism of its formation from the molecular ion is obscure. Anion at 


m/e 136 was found in variable intensities in all the spectra of (419a-m). 


This ion which is designated as e (Scheme 30) is presumably formed 
either from the molecular ion or from the fragment ion b. Its forma- 
tion must involve complex rearrangements, and no speculation on such 
rearrangements is warranted. 

The (M-173) ion (d or d') fragmented further by the 
expulsion of an R— C=N molecule to give the ionf, m/e 109; this 
expulsion was supported by the presence of appropriate metastable 
ions. Another major ion in all the spectra which is designated in 
Scheme 30 as ion g is believed to be formed directly from the mole- 
cular ion by expulsion of 204 mass units. Its identification as 


RRO 


7 5N was supported by an accurate mass measurement of the ion 
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at m/e 181 in the spectrum of compound (419d) (Table 4). The 


formation of this ion can be explained as follows: 
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An ion corresponds to the formula R—C=S+ as shown by 
accurate mass measurement of the ion at m/e 121 in compound (419d) 
was only demonstrated in the spectra of the derivatives in which R was 
an aromatic system. Apparently it is derived from ion d though no 
metastables were present in support of this suggestion. 

In addition to these common fragmentation pathways some 
other strong ions were present which resulted from the fragmentation 
of the substituent at C-3 of the benzothiazine ring. The (M-COCH,)* 
ion in case of compound (419c) has already been mentioned. This was 
the only case in which the loss of the substituent at C-3 gave rise toa 
very strong fragment ion leaving the other fragments only minor. 
Compound (419i) in which R=H and R'=3 ,4-dimethoxyphenyl demon- 
strated strong frament ions at m/e 415, m/e 242 and m/e 151 which 
resulted from the expulsion of CH,O molecules from the molecular 


ion and from ions d andh respectively. It is interesting to note that 
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although these ions were the strongest in the spectrum of (419i), the 
isomeric compound (419h) in which R=H andR'=2 ,5-dimethoxyphenyl 
did not produce any ions at m/e 415 or m/e 151 and gave only an ion 


of medium intensity at m/e 242. 


4-(2-Aminophenylthio) -3-methyl-1-phenyl-2-pyrazolin-5- 
one (416) could be condensed with both salicylaldehyde and p-hydroxy- 
benzaldehyde but whereas the product with the latter aldehyde was the 
dihydrobenzothiazine (419e), salicylaldehyde reacted with (416) to give 
a yellow crystalline product which is tentatively identified as the Schiff 
base (425a). A related product (425b) was obtained when 2 ,4-dihydr- 


oxybenzaldehyde was reacted with the amine (416). It appears, 


Ph 
i] 
oO. ny 
S | : mie 
CH 
3 
Z Ne CH 
H hi ch Ph 
(419e) (425) ie¢ GS) Re 
R b, R=OH 


therefore , that the amine (416) reacts with o-hydroxybenzaldehydes in 
the same manner as described earlier for 4-(2-aminobenzyl)-1 ,3- 
diphenyl-5-pyrazolone (321b). 

The Schiff base structure (425) was suggested by the 
elemental analyses of both products (C,H) 9N,0,5 and C43H,9N3035 
for (425a) and (425b) respectively) and by the similarity of their i.r. 
spectra to those of compounds (385) (see p.152). Medium intensity 


absorption bands were present at 1612 cm”! (425a) and at 1610 cm"! 
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(425b) and are assigned to the imine C=N group (c.f. Cloughetry et al, 
1957). Then.m.r. spectra of (425a,b) also agreed with the Schiff 
base structure. In addition to the methyl and aromatic Signals, a 

one proton =CH signal was located near §5.4 and D-exchangeable 
signals ascribable to the OH groups were observed in the spectra. 

The mass spectrum of (425a) (Fig. 17) was similar to the spectra of 
the spiro-dihydrobenzothiazines (419) although it differed in the 


relative intensities of the fragment ions formed. The ions at m/e 174 
136 ; 
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Fig. 17: A portion of the mass nash of 4-[.2-(o-hydroxybenzyli- 
dene)aminophenylthio ] -3-methyl-1-phenyl-3-pyrazolin-5-one 
(C; gH, N50) and at m/e 136 (C7H_NS) , for which structures (426) and 
(427) are suggested, are the strongest inthe spectrum of (425a) but 
only present in weak or medium abundance in the dihydrobenzothiazines 


(419). On the other hand, the M-33 and M-173 ions are much weaker 
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Ph 
(426), m/e 174 (427), m/e 136 
in (425a) than in the cyclized compounds (419). No fragment ions were 
found in the spectrum of (425a) due to the fission at the ring-carbon, or 


ring-nitrogen bonds of the imine group. This contrasts with behavior 
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of other Schiff bases (Elias and Gillis, 1966; see p.152 of this thesis). 

The ease of solubility of compounds (425) in dilute sodium 
hydroxide was not very helpful in confirming the presence of an 
enolizable hydrogen in the pyrazolone nucleus since phenolic functions 
were also present. However, determination of the number of acidic 
hydrogens in compound (425a) indicated the presence of two phenolic 
and/or enolic groups in this molecule in accordance with the non- 
cyclized structure (425a). 

Attempts to prepare a methyl derivative of (425a) by the 
use of dimethylsulfate or diazomethane failed. Reduction of (425a) 
using sodium borohydride in aqueous dioxane did not produce identi- 
fiable products. Acetylation of (425a) with acetic anhydride produced 
a diacetate, C77H,3N304S (Mt, m/e 485). Similarities between 
the i.r. spectrum of this compound and that of the diacetate (428) 
suggested that both compounds were structurally related. Thei.r. 
spectrum of each displayed an ester C=O, a lactam C=O and an 
amide C=O in the form of adoublet. These spectra were similar to 


those of the diacetylated derivatives (391), (392) and (394) (see p.156 ) 
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except that the amide C=O absorption appeared as a single band in the 
latter compounds. Then.m.r. spectra of (428) anddiacetylated (425a) 


were also very similar. In both, the pyrazolone methyl signals were 
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located far upfield (at 60.98 and $1.03) as found earlier for other 
acetylated dihydrobenzothiazines and tetrahydroquinolines (p.137). 
Based on these data, the diacetate product obtained from (425a) was 
assigned the cyclic structure (429). The mass spectrum of the 
diacetylated product (Fig. 18) supported this cyclized structure (429). 
It had a strong molecular ion which initially lost two ketene molecules 
to give an ion which fragmented further in a manner similar to that 
observed with the spiro-dihydrobenzothiazines (319). 
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Fig. 18: <A portion of the mass spectrum of spiro{[ 4-acetyl-3-(o- 
acetoxy phenyl) -3 ,4-dihydro-2H-1 ,4-benzothiazine ]} -2 ,4'- 
[3'-methyl-1'-phenyl-1H-pyrazolin-5'-one] } (429). 
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LOZ 
Partell: MASS SPECTROMETRY 


(A) The Mass Spectra of Some Substituted Pyrazolone Derivatives 


Four types of spiro-pyrazolones have been prepared and 
characterized in this present study. These are derivatives of spiro- 
[ (indoline) -2 ,4'-(pyrazolin-5'-one) ] (430), spiro[(. benzothiazoline) - 
2 ,4'-(pyrazoline-5'-one) ] (431) , spiro[( pyrazolin-5-one)-4,3'- 
(tetrahydroquinoline)] (337) and spiro[( 2 ,3-dihydro-4H-1 ,4-benzo- 


thiazine) -2 ,4'-(pyrazolin-5'-one)7] (419). Many of these compounds 


R 
R! — R 
CX] aii | 
x2 N— BH N— Ph 


oo 
(430) (431) 
ie 
O Nw 
S | 
CH, 
R! 
N 't 
H R!' H R 
(337) (419) 


were characterized by their mass spectra. It was noted that, in 
compounds (430) and (431), fission occurred mainly in the pyrazolone 
nucleus and produced the major fragment ions inthe spectra. A 
literature search revealed two recent studies on the mass spectra of 
some simple pyrazolone drivatives (Desmarchelier and Johns, 1969b) 
and some substituted pyrazolone azomethine dyes (Maier et al, 1969) 
but no spiro-pyrazolones have been investigated. 

Although structurally related, the spiro( tetrahydroquino- 
line)pyrazoles (337) and the spiro( dihydrobenzothiazine)pyrazolones 


(419) fragmented differently from the spiro(indoline)pyrazolones (430) 
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and the spiro( benzothiazoline)pyrazolones (431). The first two 
classes of compounds did not exhibit any major fragments which were 
derived from cleavage of the pyrazolone nucleus; rather fragmenta- 
tion in the other part of the molecule occurred and the pyrazolone 
nucleus was expelled from the molecular ions as a radical. In 
contrast, the spectra of the 4-(2-aminobenzyl)pyrazolone derivatives 


(321) and their sulfur analog (416) contained relatively strong ions 


OL, Gt OL, Tye 


(321) (416) 

corresponding to the pyrazolone nucleus, but these ions did not frag- 
ment further to any appreciable extent. Accordingly, the spectra of 
these two amines (321) and (416) and the spiro-pyrazolones (337) and 
(419) were discussed separately earlier in this thesis. Similarities 
and differences between the spectra of these compounds and those now 
discussed in detail will be pointed out whenever there is a necessity. 

In addition to the spiro-pyrazolones (430 and 431) spectra, 
the mass spectra of the parent pyrazolone derivatives (317), (329) and 
(330) were recorded and interpreted. The spectrum of one of these 


compounds, 3-methyl-1-phenylpyrazoline-5-one (317a), was recorded 


cr ol 
i Ph 
(317) a, R=CH, (329) 


b, R=Ph 


by Nishiwaki (1967) but its modes of fragmentation were not completely 
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interpreted. Spectra of the two N,N-disubstituted pyrazolone deriva- 
tives, 2,3-dimethyl-1-phenyl-3-pyrazolin-5-one (antipyrine) (329) and 

2 ,3-dimethyl-4-dimethylamino-1 -phenyl-3-pyrazolin- 5-one (aminopyrin)) 
(330) have been published (Tatematsu and Goto, 1965) but their frag- 
mentation pathways were not discussed. These two compounds, in 
addition to their usefulness as models for the N,N-disubstituted pyra- 
zolones, are also of medicinal interest and are present in some 
pharmaceutical preparations. 

From the pyrazolone derivatives examined, those which 
are 5,5-disubstituted or which are N ,N-disubstituted, have ''fixed"! 
structures and no tautomerism is possible. The others e.g. (317) 
can exist theoretically in one or more of the three possible tautomeric 
forms which were discussed earlier. For these derivatives 
with mobile hydrogen atoms, the tautomeric forms in the solid state 
were determined in order to see whether, or not, such tautomerism 
in the ground state would be reflected in their mass spectral behavior. 

The mass spectra of the four pyrazolones (317a and 317b), 
(329) and (330) are shown in Figs. 19 and 20 and their suggested frag- 
mentation patterns are illustrated in schemes 34, 36 and37. It was 
shown earlier in this study that the two pyrazolones (317) exist in the 
solid state either in the enol ''OH'' form or, according to Katritzky 


and Maine (1964), in strongly bonded NH-form in which proton transfer 
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(to give the OH-form) probably takes place. On the other hand, 


compounds (329) and (330) exist only in the NH-form. 


R R 
| | ear tonanae eae 
HO tad O a 
| 
Ph Ph 
(317-OH) (317-NH) 


While the two pyrazolones (317a and 317b) displayed 
similar fragmentation pathways, each of the N ,N-disubstituted 
derivatives (329) and (330) showed a unique behavior and both 
demonstrated some unusual modes of decomposition under electron 
impact. The high degree of stability of these compounds, as well as 
most of the other pyrazolone derivatives studied was indicated by the 
strong molecular ions displayed which were, in most cases, the 
strongest ion in the spectra. 

Several initial cleavages were demonstrated in the spectra 
of (317a) and (317b) but only two of these gave rise to prominent frag- 
ment ions (Scheme 34). The direct expulsion of a ketene molecule 
(CH= C=O) from the molecular ions of both compounds gave rise 
to relatively strong ions (a). Also the fragment ion at m/e 105 (b) 
was prominent in both spectra; this ion which was attributed to the 
phenyl diazonium cation (PhN,)* is believed to originate directly 
from the molecular ion and from the (M-CO)? ion (c) since strong 
supporting metastables were present at appropriate m/e values. The 
possibility of contribution by isobaric ions (PhNCH,)T or (Phco)t ; 
the latter of which could be formed by a phenyl migration, was con- 
sidered but accurate mass measurement of this m/e 105 ion in the 


spectrum of (317a) revealed that it was solely due to (PhN,)T : 


(HM-TIE) A 00s abt ty CQ IE) OE wren 
beysiqelf (dT ié bas sV lt) seacloxsxyq ows ed? elidW 
botuthiadwelb-M. Vi edt to dose . ayswdiag aoltsineargs) telimte 


dtod has tolvsded supiny « beworle (0£€) bus (PSE) eavitevizeb 
sottosisa 1ebav intaiamaiidiaiSes esborn levazay smoke batsstteaomeb 
ac Hew as ,abavogmoo eased? to yillidsie lo setgebh dgid edT © .doaqatt 
odi yd botsolbai ssw betbute sevitsvixeb eaolozatyg tedto ed? to Jeom 
od? , 99e69 taom al ,e19w doldw beysiqelb enot tslpoelom gaotie 
-asizeqs ed’ af cot sebgnonte 

s1i20qe oni al betsxtanomeb etew esgsyselo laitiai Ig 10evs2 
-g67t inenimozqg of sait evsg seed? lo ow! ylno ind (d¥ LE) bas (sV LE) to 
eluosiom easted s to aoteluqxe joettb ofT 6. (BE omredn@) enol taom 
seit sveg abnvogmo> diod to eaok isivosiom on? mont {O=9=,.HO) 
(d) 201 o\em 4s sot inemgs7t edi o2lA -{s) eaot gaotte ylevitslez of 
edt of bsiudittis esw doldw cot aids ;:a1tooqe diod al Jjasnimorzq sew 
yltaoxkb etsnigize o1 bevelled at +( Vdd) aoitss mulnossib lyasdgq 
go the sonte (>) aot +(OD-M) 94? eno} bas aot teluzelom od? mor} 
edT  .a6ulay o\m sisixqotaqe ts Ineasx1q stow zeldsiestem yaiitoqque 
+0944) x0 +( HOM) enol otiadoal yd solwditines o vitlidiaaogq 
-no> saw ,selisugim Iyasdg 6 yd beorso} sd biuos doidw to tetel. ods 
od? mt riot 201 o\e eid? to Jaemetuasem assm eisio98 tod berebie 


; ¥ (Vist) o@ sub ylsloe eaw si isd? bolseves (sT 12) lo mansions 


7 


Other minor pathways in the spectra of (317a) and (317b) 
are the expulsion from the molecular ions of a phenyl diazonium 
(PhN,,") and a formyl (*CHO) radical and a carbon monoxide (CO) 
molecule; the last two losses are supported by metastable ions at 
m/e 120.8 and m/e 122.5 in (317a) and at m/e 181.65 and m/e 183.32 
in (317b)*. 

The expulsion of HN, or RN, radicals from the molecular 
ion was shown to be the major initial pathway in the spectra of the 
pyrazolones studied by Desmarchelier and Johns (1969b). However, 
in compounds (317a) and (317b), this was shown to be only a minor 
fragmentation (3% and 1% respectively) which was followed by the 
expulsion of a CO molecule to produce the ion (f). This ion (f) could 
also arise by the loss of a PhN , radical from the (M-CO)* ion. The 
strong peak at m/e 103 in compound (317b) which is attributed to a 
(CH,=C—C,H,) species (ion f where R=C/H,) is especially strong 
due presumably to the stability offered by the aromatic ring in this ion. 

The ion at m/e 105 (b) decomposes further by the loss of a 
nitrogen molecule to form the (CgH,)* species (i). The origin of the 


ion at m/e 91 which corresponds to the species (CgH,.N)t was not 


* In a recent communication published after this work was completed, 
Larsen et al (1973) examined the mass spectrum of (317a) and 
suggested a non-cyclic structure (432) for the (M-CO)?t ion at m/e 
146, Structure (433) was suggested for the ion at m/e 145 
(M-HCO)+. This suggestion was based on the finding that both 
the hydrogen atoms at C-4 were retained in the 4,4-d5 analog and 
the ion shifted to m/e 147. 
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m/e 174 (432), m/e .146 (433), m/e 145 
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Portions of the mass spectra of 3-methyl-1-phenyl-2-pyrazolin- 


5-one (317a) and 1 ,3-diphenyl-2-pyrazolin-5-one (317b). 
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accounted for by Nishiwaki (1967) when he studied the mass spectrum 


of compound (317a). The presence of metastables at m/e 62.73 and 


m/e 42.7 in the spectra of (317a) and (317b) respectively, suggested 
that this ion (g) originates from the (M-42)+ ion (a) by the expulsion 
Oreitner a CH3CN or Cg~H5CN molecule. These observations indicate 
that an N—-N bond cleavage occurs in these pyrazolones. The cleavage 
of such N—N bonds in compounds containing two or three linked nitrogen 
atoms, has been the subject of studies in many laboratories. In 
hydrazine (Dibeler et al, 1959), diazirine (Graham, 1962), 2 ,5-di- 
phenyl-1 ,3 ,4-oxadiazole (Cotter , 1964) and indazolones (Desmarchelier 


and Johns, 1969a) this cleavage was found to be difficult. On the other 


hand, such N—N bond fission is an important fragmentation process in 
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hydrazones (MacLeod et al, 1966), semicarbazones (Becher et al, 
1966) and sulfonyl hydrazones (Bhati et al, 1966). Thufl et al (1970) 
reported that the cleavage of the N—N bond and expulsion of HCN is 
the predominant process in the mass spectra of pyrazoles while 
Desmarchelier and Johns (1969b) found no evidence for initial N-N 
cleavage in pyrazolones. Earlier, Nishiwaki (1967), in his study of 
the mass spectra of pyrazoles (which included the pyrazolone (317a), 
reported an N—N cleavage but concluded that the initial cleavage of 
this bond is likely to be supressed in cases where the nitrogen is 
substituted. However, this was not the case with the compounds 
studied in the present investigation, which are all substituted at one 
or both nitrogens. Apart from the example already mentioned which 
demonstrated N—N bond cleavage and expulsion of CH,CN or C,H-CN 
molecules from the (M-42)?T ion in (317a) and (317b), evidence for 
initial cleavages of this linkage was found in the spectra of antipyrine 
(329), aminopyrine (330) and the spiro-pyrazolones (430) and (431). 
The antipyrine (329) spectrum had a strong ion (84%) at 
m/e 96 which was second in abundance only to the base peak (the 
molecular ion). An accurate mass measurement of this ion revealed 
that it was a singlet which had the formulation CsH,NO. The presence 
of a strong metastable at m/e 49.02 suggested that it was formed 
directly from the molecular ion. Although clear evidence for the 
identity of this ion is lacking, it is represented in Scheme 36 as the 
ionc. This ring expanded formulation is possibly the best representa- 
tion for this strong ion since it can account for the subsequent expul- 
sion of a CH,CN molecule to give the ion d (Scheme 36), The forma- 


tion of both these major ions (c and d) as well as the strong ion at 
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m/e 56 (ion g) indicated that N—N bond cleavage does occur as primary 
and secondary processes in the mass spectra of pyrazolones expecially 
when both nitrogens are substituted. 

This same point is also illustrated in the mass spectrum 
of aminopyrine (329) where the base peak at m/e 56 is formed by 
successive losses from the molecular ion of a CgH,NCO molecule, 

a CH," radical and a CH,NC molecule (Scheme 37). All these 
transitions are supported by the presence of metastable ions at 
appropriate m/e values. The initial expulsion of a C6H,NCO mole- 
cule from the molecular ion again supports the possibility of initial 
scission of the N—N bond in the pyrazolone nuf@leus. 

A strong ion at m/e 56 (CH3N =¢cH,=—=CH,N =CCH,) 
was also demonstrated in the mass spectra of the pyrazolones (324a) 
and (408). An equivalent ion at m/e 118 was present in the spectrum of 
(324b). The presence of these fragments is probably useful in the 


identification of 2 ,4-disubstituted pyrazolones. 


H 
N 
R H3 
aC, 
NH, O inn ca Sasa INCH, 
h 
(324) a, R=CH, (408) 
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Other important pathways in the spectra of antipyrine 
(329) and aminopyrine (330) are the expulsion of a hydrogen atom and 
a methyl radical from their molecular ions. The (M-1)* ions were 
stronger than the (M-15)* ions in both spectra. No conclusive evid- 
ence for the origin of the expelled hydrogen atom is available without 
labelling studies. However, there are some indications that this 
occurred from the N,-methyl and not from the C,-methyl group as was 
suggested by Desmarchelier and Johns (1969b). This observation is 
based on the finding that compound (317a), which has a C3-methyl 
substituent, showed only a very weak M-1 ion (1%). The same was 
also noted in the spectra of all the pyrazolones studied in this investi- 
gation which had methyl substituents at the 3-position of the pyrazolone 
ring, while on the other hand, those Nj-methyl substituted pyrazolones 
such as (324) and (408) demonstrated relatively strong (M-1)* ions. 
This is also in accord with the spectra of the pyrazolones reported by 
Maier et al (1969) which showed, at most, negligible amounts of (M-1)* 


ions although most of them had C,-methyl substituents. 


©) 

The methyl radical losses in (329) and (330) most likely 
originate from N,-methyl rather than from C,-methyl substituents 
since no such loss was demonstrated in compound (317a). Also, the 
presence of a stronger (M-15)* ion in the spectrum of antipyrine than 
that in aminopyrine suggests the absence of any considerable contri- 
bution from the dimethylamino substituent in aminopyrine. 

The expulsion of PhN, radical from the molecular ion was 
demonstrated in (317a) and (317b) as only a very minor process. This 


loss was not observed in either antipyrine (329) or aminopyrine (330). 


However, an analogous loss of a PhN=N—CH3 molecule was observed 
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Fig. 20: Portions of the mass spectra of antipyrine (329) and 
aminopyrine (330). 
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and led to appreciably abundant ions especially in the spectrum of 
aminopyrine (m/e 111; 17%). Both these (M-120)* ions fragmented 
further by the expulsion of a carbon monoxide molecule. | 
Another important fragmentation in the spectrum of anti- 
pyrina (329) was the formation of the phenyl diazonium cation h 
(Scheme 36) mostly from the (M-CH,)* ion. Curiously, this was not 
demonstrated to any extent in the spectrum of aminopyr ine in spite of 
structural similarities with antipyrine. Also, another minor ion (2%) 


corresponding to the expulsion of a CO molecule from the molecular 
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ion of antipyrine was not present in the spectrum of aminopyrine. 
Similarly , a weak (M-29) ion which may be due to the loss of CHO’° 
radical from the molecular ion or to the loss of H* from the (M-CO)t 
ion was found in the spectrum of antipyrine, but not in the spectrum 
of aminopyrine. These findings indicated a lack of correlation 
between the fragmentation modes of these two compounds. 

Some differences between a reported spectrum (Fig. 20) 
of aminopyrine (330) and those recorded here deserve comment. 
Tatematsu and Goto(1965) described a spectrum which contained a 
strong ion (95% relative intensity) at m/e 119. This ion was only 
present in 1% relative abundance under the conditions used in this 
study (70 eV and oer Changing the temperature did not seriously 
affect the intensity of this ion (5% at 165°). A spectrum of amino- 
pyrine (330) recorded on a combined gas chromatograph/mass spectro- 
meter* was also similar to the spectrum recorded in this study. 
Such an ion at m/e 119 may be attributed to the cleavage of the N-N 
bond with the formation of the phenyl isocyanate cation. The expulsion 
of a CO molecule from this cation could also explain the presence of 
a strong ion (46%) at m/e 91 in the spectrum reported by Tetamatsu 
and Goto (1965), and which was only 2-4% abundant in three spectra 


recorded for the present study. 


m/e 119 


*recorded on a Perkin-Elmer model 270 combined gas chromatograph/ 
mass spectrometer at Chelsea College, University of London, England. 
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It is difficult to explain these gross differences except to 
suggest that aminopyrine fragments by alternative pathways depend- 


ing on the conditions within the mass spectrometer. 


The spiro( indoline)pyrazolones (430) and the spiro({ benzo- 
thiazoline)pyrazolones (431) displayed considerable similarities in 
their behavior under electron impact. However, some differences 
were also demonstrated either in the fragmentation pathways or in 
the intensity of the fragment ions produced. These differences are 


presumably due to the ability of compounds (431) to localize the charge 
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on the sulfur atom and also due to the contribution of the methylene 
protons of the indoline ring in (430) to some of the fragment ions which 
are absent in (431). 

The mass spectra of five spiro-(indoline)pyrazolone 
derivatives (430), one deuterated compound (339, D replaces H) and one 
acetylated compound (434} are shown in Fig. 21 and 22. The mass 
spectra of two spiro-(benzothiazoline)pyrazolones (431) as well as 
their deuterated derivatives (431), D replaces H) were also recorded 
(Fig. 23). Suggested fragmentation pathways of these two classes of 
compounds (430) and (431) are outlined in Schemes 39 and 40. Table 
$.contains the mass measurements carried out on some of the impor- 


tant ions in compounds (339), (403) and (418). 
R 


R = IN aN 
N— Ph N— Ph 
H 
(430); general structure (431); general structure 
(339); R=CH,, R'=H (403); R=CH, 
(343933 R=Ph, a R= (418); R=Ph 
(346a);R=CH3, R'=Cl oe ps —— 
(346b);R=CH3, R'=OCH; | meen 
(346d); R=CH3, R'=OCOCH, COCH, 
(434) 


All compounds (430) displayed strong (M-1)* ions (a) due 
to the loss of a hydrogen atom from the methylene group in the indoline 
ring. The fact that there was little or no contribution to this loss, 
from the C-methyl group in the pyrazolone ring was illustrated by the 


presence of a strong (M-1)* ion (21%) in the spectrum of (343) where 
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no methyl substituent is present. Also, this ion was absent from the 
sulfur analogs (431). Additional evidence for the origin of this proton 
was found when the deuterated compound (339, D replaces H) was 
examined. It lost only one mass unit to provide the (M-1)* ion. 

One of these methylene protons in (430) also contributes 
to the (M-17)t ion present in all the spectra of these compounds. An 
accurate mass measurement of this ion in compound (339) revealed 
that it was due to the loss of an OH’ radical from the molecular ion. 
Again, this ion was absent from the sulfur analogs (431). Deuterium 
labelling ruled out any contribution from the amine proton, since this 
ion at m/e 260 in (339) was located at m/e 261 in the deuterated 
compound. There is no evidence for the structure of the (M-OH)t ion, 
however, based only on the tentative mechanism illustrated in Scheme 
38, it is identified as the ion (b). This (M-17)t ion was also present 
in the mass spectra of some spiro-(tetrhydroquinoline)pyrazolone 


derivatives (337) but not in the spiro (dihydrobenzothiazine)pyrazolones 


(419). ' 
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Another important primary process demonstrated:in 
the spectra of both compounds (430) and (431) was the expulsion of a 
carbon monoxide molecule fromthe molecular ions. In contrast to 
what was reported earlier by Maier et al (1969), the (M-CO)? ions 
produced here were present in appreciable intensity. The cyclic 
structures (co in Scheme 39 and ao in Scheme 40), as well as open 
chain structures, can be suggested for this fragment. The former 
are in agreement with the commonly accepted cyclic structures for 
(M-CO)?t ions in most organic compounds (Beynon et al, 1959; 
Bursey » and Elwood, 1968). 

In the spiro-indoline derivatives (430), the (M-CO)* ions 
fragmented further by four different pathways which gave rise to many 
prominent ions in the spectra (see Scheme 39). Relatively weak ions 
are produced by the expulsion of CH3CN or PhCN molecules from the 
(M-CO)+ ions. On the other hand, the loss of PhN,° radicals from 
the (M-CO)+ ions may be accompanied by ring expansion to give the 
stable ion j,. The mode of formation of a relatively strong ion k is 
not clear but it might arise by the loss of a hydrogen atom from j. 

In compounds where R=CH, , another loss of a hydrogen atom together 
with ring expansion could account for the presence of a relatively strong 
ion which is represented as m. Another major pathway is the 
decomposition of the (M-CO)t ion in two ways to give two strong ions 
gandf. The former expels an HCN molecule and the latter an RCN 
molecule to give ions h and i respectively. 

The (M-CO)* ion in the spectra of spiro(' benzothiazoline) 
pyrazolones (431) fragmented, with some exceptions, in a similar way. 


Here, the ion e, (which is analogous to g in Scheme 39), can fragment 
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further by the expulsion of an HCN or DCN molecule or a CS molecule 
to yield ions g and f respectively. The (M-CO)* ion does not expel 
an RCN molecule as was demonstrated in (430). 

Several examples of primary and secondary processes 
where cleavage of the N-N bond occurs are demonstrated in the spectra 
of both the apiro {indoline)pyrazolones (430) and the spiro-(benzo- 
thiazoline)pyrazolones (431). The expulsion of a PhNCO molecule 
from the molecular ions of these compounds may be accompanied or 
followed by the loss of a methyl or phenyl radical; the loss of the 
former gives rise to relatively abundant ions. Abundant ion (n) in the 
spectra of the indoline derivatives (430) also formed either by the loss 
of a PhNCO molecule from the (M-1)t ions (a) or by the expulsion of 
PhNCO molecule followed by a hydrogen atom from the molecular ion. 
Another initial N—N bond scission accompanied by the expulsion of a 
methyl or phenyl cyanide molecule from the molecular ion is demon- 
strated in the mass spectra of both the methyl and phenyl analogs of 
the spirobenzothiaolines (431). Inthe spectra of the spiroindolines 
(430), this loss did not occur directly from the molecular ion but 
rather from the (M-CO)* ion. 

Maier et al (1969), in a study of the mass spectra of some 
pyrazolone azomethine dyes, suggested that the very minor (M-CO)* 
ions found in these spectra, are intermediates inthe formation of all 
the other major fragments. This suggestion was based on the finding 
that the carbonyl moiety was absent from all the major fragment ions. 
In our study, the (M-CO)* ions, which are present in appreciable 
intensities in the spectra of (430) and (431) were also deduced to be a 


major source of most of the fragment ions present. However, some 
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other ions which incorporate the carbonyl moiety were also demon- 
strated. In the indoline derivatives (430), an accurate mass measure- 
ment of the ion at m/e 144 (12%) showed that 50% of this ion corres- 
ponds to the formulation CgH,NO , for which structure p is suggested 
(Scheme 39). Analogous ions ranging in intensity from 8 to 14% were 
also demonstrated in the spectra of (430b-e). The correspondingion 
at m/e 162 in the mass spectrum of the sulfur analog (403) was found 
to be a singlet having the formulation CgH,NS and that ruled out the 
presence of a C=O group in this fragment ion. However, the ion at 
m/e 254 in the spectrum of (418 ) was shown by accurate mass 
measurement, to be solely due to the formulation C148) QN208 » Which 
indicated the presence of C=O moiety in this fragment (b). 

In addition to these common fragmentations, there are 
several fragments peculiar to some particular compounds. In the 
acetate derivatives (346d) and (434), the initial loss of a CH,=C =O 
molecule from the molecular ion makes a significant contribution to 
the overall fragmentation pattern. The (M-CH,Co)* fragment ion in 
(434) decomposed under electron impact in a similar way to compound 


(339). Onthe other hand, other substituents made only a minor 
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Fig. 21: Portions of the mass spectra of the spiro(indoline)pyrazolones 
(339), its deuterated derivative and the spiro(indoline)pyrazo- 
lone (343). 
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Fig. 22: Portions of the mass spectra of the spiro(indoline)- 
pyrazolones (346a, b, d and 434), 
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Fig. 23: Portions of the mass spectra of the spiro(benzothiazoline) - 
pyrazolones (403 and 418) and their deuterated derivatives. 
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Table (5). Accurate Mass Measurement Data of some of the 


Important Ions in the Mass Spectra of the Spiro-pyrazolones (339), 
(403) and (418). * 
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contribution to the overall fragmentation patterns. For example, in 
the methoxy derivative (346b), the loss of a oe radical from the 
molecular ion gave a weak ion (3%) at m/e 292 and the expulsion of a 
formaldehyde molecule (CH,O) resulted in another ion (5%) at m/e 


277. 


(B) The Mass Spectra of Some Cyclic N-Hydroxy Compounds 


Three spiro (N-hydr oxyindoline) pyr azolones (435), two of 
their O-acetyl derivatives (436) and one O-methyl derivative (375) 
were prepared in this study and characterized by means of mass 


spectrometry. A literature search indicated that no detailed study 
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of the effect of electron-impact upon cyclic N-hydroxy compaunds 

had been reported. However, there are three isolated reports 
(Acheson et al, 1970; Beckett and Salami, 1972; Schweizer and 
Kopay, 1972) in which the presence of an (m-17)+ ion in the spectrum 
was considered evidence of a cyclic hydroxylamine structure. To 
learn something of the mass spectral behavior of cyclic hydroxyl- 
amines andtheir N-acyloxy derivatives the spectra of simple refer - 
ence compounds were examined initially. 1 -Hydroxy-2-phenyl-1 ,2- 


dihydropyridine (255), its deuterated (255, D replaces H) and 
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O-benzoyl (437) derivatives were prepared by reported methods (Kato 
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| h | Ph 
OH OCOPh 
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and Yamanaka, 1965; Kato et al, 1967) and their mass spectra were 
recorded (Fig. 24). 

The molecular ion of the N-hydroxy-1 ,2-dihydropyridine 
(255) expelled an OH radical to give ion of appreciable intensity at 
m/e 156 (Scheme 41). Also, due to the presence of alabile o- 
hydrogen atom in (255), a water molecule was expelled from the 
molecular ion giving rise to the molecular ion of 2-phenylpyridine. 
A weak fragment ion at m/e 157 might appear to be due to the loss 
of an oxygen atom, from the molecular ion of (255), but the absence 
of an equivalent ion at m/e 158 in the spectrum of the deuterated 
compound (255, D replaces H) indicated that this loss did not occur. 
The strongest fragment ion in the spectrum was formed by the 
expulsion, from the molecular ion, of the o-phenyl radical. The 
resulting ion at m/e 96 fragmented further by the expulsion of an 
OH radical and a water molecule; that the former was a direct frag- 
mentation was inferred from the presence of a metastable ion at 
m/e 65.01. 


In addition to these fragmentations which are illustrated 


in Scheme 41, the mass spectrum of (255) also displaced two relative- 


ly strong fragment ions at m/e 115 and m/e 102. The former ion is 


believed to be formed directly from the molecular ion as shown in 
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Fig. 24: Portions of the mass spectra of 1-hydroxy-2-phenyl-1 ,2- 
dihydropyridine (255), its deuterated derivative and its 
benzoyl derivative (437). 
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Scheme 42; this was supported by the presence of a metastable ion 
at m/e 76.45. It decomposed further by the ejection of two success- 


ive acetylene molecules to give ions at m/e 89 and m/e 63. 
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Fragmentation of the molecular ion in the manner shown in Scheme 43 
might give rise to the ion at m/e 102, but no metastable was found 


to support this direct fragmentation. 
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Scheme 43 

In the spectrum of the N-benzoyloxy derivative (437), the 
molecular ion and the fragment ion (m/e 200) resulting from the 
expulsion of the o«-phenyl group were of low abundance. The base 
peak in (437) was formed by the ejection of a benzoic acid molecule 
to give the 2-phenylpyridine ion at m/e 155. This ion fragmented 
further by expelling an HCN molecule or a hydrogen atom followed 
by an HCN molecule. Charge retention on the benzoyloxy function 
also occurred as indicated by the strong ion at m/e 122 (C,H_-COOH)*. 
In addition, the molecular ion undergoes acyl-oxygen fission with 
charge retention on both the benzoyl portion and the pyridyloxy frag- 
ments. The former ion fragments further in predictable fashion 


(Scheme 44). 


The mass spectra of the spiro-(N -hydr oxy -indoline) - 
pyrazolones (435), their N-acetyloxy (436) and N-methoxy (375) 
derivatives are shown in Figs. 25 and 26. Although these spectra 
were complex, initial fragmentation could be interpreted and were 


very diagnostic and helped in the positive identification of these 
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compounds. The N-hydroxyindolines (435) displayed (M) + and (M-1)* 
ions, the abundance of which varied with the conditions in the mass 
spectrometer. In addition, abundant (M-16)* and (M-17)* ions were 
present in each of the spectra. These fragments correspond to the 
loss of an oxygen atom and a hydroxyl radical from the molecular ion. 
Strong metastables at appropriate m/e values in the spectra of (435) 
indicated that the transition (M)+ —»» (M-17)+ is direct. The 
expulsion of an oxygen atom from the molecular ions of cyclic N- 


hydroxy compounds has not been reported previously although Coutts 


Ye READ Tus 


be Dy cere Gr butt ; 


TQ) 


zm 20f o\m 
221 s\m SSI o\e Q 
OD- 
‘H 
“ | *T a, 
bei 6\er | go-* 
“WDH-| * ba DF Fee 
i2 5s\m + 
+ b 
sox? +t. . MDH- a 
go 1? da 
TSi o\m 
ast a\m 221 e\m 
BE emiede | 


+t1-M) bas + (M) beysiqatbh (2€#) senilobatyxosbyd-V edT .sbayoqmos 
agent Sit al enoliibnos ed% dttw beltev doidw to eoasbauds ed), enot 
et5w enol *(T1-M) bas *(d1-M) tasbauds ,noitibbs al .1edemotivegs 
en} of baogest 109 ejnooreti eeedT 86. s1ioeqs ed} lo dose at jasastq 
.20f telvoelora sii oot? Lexihst lyxoibyd 6 bas mots aegyxo as to saol 
(2E2) lo stissqe odd ni eeuley o\m sisttcorggs ts eoldstestom gaowe 
sdT .3oexth et IT 1-M) oe F(M) acitianssi edt isd? betsoibai 

-Vi silo ys to enol «sivostoen sift mot mois nogyxo ms to aoleluqxs 
e209 djuodile Ylevotvang Basuagbe Hood fon asd abausgiios yaOtbyd 

. : 


7 (3 


i ie) 


233 


100 


80 aah 
293 


a 277 


ca 
So 


20 


Relative Intensity 


Fig. 25: Portions of the mass spectra of the spiro(N-hydroxyindoline) - 
pyrazolones (338, 342 and 347). 
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and Mukherjee (1970) have observed that aromatic hydroxylamines 
fragment by expelling an oxygen atom and a hydroxyl radical. 

A relatively weak ion in the spectra of (435), which is 
identified in Scheme 45 as ion d, is due to the expulsion of a water 
molecule from the molecular ion; this expulsion might be direct or 
result from the successive losses of an oxygen atom and a hydrogen 
molecule. The other strong ions in the spectra of (435) are formed 
mainly by the expulsion of a CO molecule from the (M-OH)?* ion or 
by fragmentation of ion c in the manner described earlier for the 


spiro: (indoline)pyrazolones (430). 


R! 


Scheme 45 


Initial fragmentations of the N-acetyloxy derivatives (436) 
are illustrated in Scheme 46. Besides the expulsion of a ketene 
molecule to give ion a, each molecular ion also expelled a carbon 
monoxide molecule and gave the ionb. Further expulsion of a CO 


molecule from a or a CH,—C=O molecule from b produced a strong 
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ion tentatively identified as c. In addition, an (M-59)* ion anda 
strong (M-60)* ion are present in both spectra. These fragments 
might arise directly from the molecular ion by the expulsion of 
acetyloxy radicals and acetic acid molecules or, alternatively, by the 
loss of hydroxyl radicals and water molecules from the(M-42)ions (a). 


No metastables to support either route were found in the spectra. 
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The mass spectrum of the N-methoxyindoline derivative 
(375) contained an abundant (M-31)T ion and a strong metastable ion 
at m/e 248.1 as a result of the expulsion of a methoxyl radical from 
the molecular ion. This is an interesting fragmentation; methyl 


ethers do not normally expel OCH, radicals except as a result of an 


3 
ortho-effect displayed by some aromatic ethers (Cable et al, 1972; 


Coutts and Malicky, 1973). The mass spectrum of (375) also 
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contained an (M-30)" ion due to the expulsion of a formaldehyde 
molecule from the molecular ion (Scheme 47). The loss of a methyl 
radical, which generally occurs with aromatic methyl ethers, occur- : 
red with (375) only to a small extent. Both ions a and b in the 
spectrum of (375) fragmented further by expulsions of carbon monoxide 
molecules to give ions of appreciable abundance which are tentatively 


identified as c and d (Scheme 47). 
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A PRELIMINARY PHARMACOLOGICAL SCREENING OF SELECTED 


COMPOUNDS PREPARED IN THIS STUDY 


To complete the objectives of this study, a preliminary 
pharmacological screening of some selected examples of the compounds 
prepared was undertaken. These were the spiro(N-hydroxyindoline) 
pyrazolones (338) and (342), the corresponding indolines (339) and (343), 
the spiro(benzothiazoline)pyrazolones (403) and (418), the spiro(tetra- 
hydroquinoline)pyrazolones (337c,d,e,k,o,p), the spiro(dihydrobenzo- 
thiazine)pyrazolones (419c, e,h,j,k,l), the 4-(2-aminobenzyl)pyrazo- 
lones (321a,b) and their hydrochlorides, the 4-(2-aminophenylthio) - 
pyrazolone (416) and its hydrochloride, the 4-(2-mercaptophenylamino) - 
pyrazolone (406) and its dimethyl derivative (408). An observational 
technique similar to that described by Irwin (1962, 1964) was employed 
in an attempt to detect any behavioral, neurological or autonomic 
changes after administering each of the above compounds to mice. This 
random ''screening'' method was approached in view of the absence of 
guidelines to any ''specific'' activity to be expected from these diverse 
ring systems. However, because these compounds possess a 5-pyra- 
zolone nucleus and thus bear some chemical similarity to the known 
analgesics, antipyrine, aminopyrine and nifenazone, all were also 
evaluated for their analgesic activity. A modification of the phenyl- 
quinone writhing test reported by Siegmund et al (1957) was used. It 
should be emphasized that the limitations and inadequacies of this 


method are well known. 
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METHODS: 
A) For the general screening studies, Alas mice of either sex, weighing 
18-24 g were used. About 12-16 hours before the experiment, the 
animals' diet was replaced with 20% glucose solution. Directly before 
being used, they were randomly divided into groups of six mice, three 
were administered each of the above compounds and three were used as 
a control and tested concurrently. The compounds to be tested were 
suspended in 1% gum tragacanth and were administered orally in a 
volume of 0.2 ml for each mouse. The initial dose for all compounds 
was 200 mg/kg and if an effect was produced, lower doses (150, 100, 
50... etc. mg/kg) were used until an ineffective dose was found. 
After administering the test compounds, the mice were placed in 
separate containers for 15 minutes then transferred to an observation 
chamber which had six separate compartments. A plexiglass wall 
allowed observation of the animals. Following a 10-minute observation 
period for general behavior and orientating movements, the three mice 
were put together, for five minutes, in an Animal Activity Cage (serial 
#A056, Woodard Research Corp.) which automatically recorded their 
movements. This was compared with that of the control mice. The 
mice were then removed from the cage and a number of neurological 
reflexes (e.g. righting, grasping, ... etc.) tested. Notations were 
also made of animals motor activity, general appearance and behavior. 
At regular intervals for two hours, these tests were repeated. The 
animals were then transferred to cages (three in each) and kept under 
observation for five days where death, if any, was recorded. 

At a later stage, some of the above test compounds 


{the spiro(N-hydroxyindoline)pyrazolones (338) and (342), the spiro- 
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(indoline)pyrazolones (339) and (343) and the amine (421a) ] were 
administered intraperitoneally to the mice at different dose levels and 
the animals gross behavior was observed. Standard drugs were also 
given to some groups of mice when comparisons were required. 

B) For the analgesic studies , female Alas mice, 17-23 g in weight 
were brought to this laboratory about 7 days before being used and kept 
on a standard diet. About 12 hours before the experiment, the food was 
replaced with 20% glucose solution. The animals were divided at 
random into groups of five mice then each group was dosed orally with 
one of the test substances (prepared as suspensions in 10% polysorbate 
80 U.S.P. and given at initial dose of 200 mg/kg, in a volume not 
exceeding 0.1 ml1/10 g of body weight). Twenty-five minutes later, 
each mouse was injected intraperitoneally with 0.25 ml of 0.02% phenyl- 
quinone(2-phenyl-1 ,4-benzoquinone , Eastman Organic Chemicals) in 5% 
alcohol (this solution was prepared daily and kept in amber bottle at 37° 
to prevent its deterioration). The mice were then placed in observation 
boxes and the number of writhes occurring in a 10-minute period, starting 
five minutes after injection, were counted for the group of five mice. 

A number of control experiments were performed every 
day the experiment was done. These data were pooled and an average 
control level determined. A standard drug, aminopyrine, was admin- 
istered orally in four dose levels (200, 150, 100, 50 mg/kg) to groups 
of five mice each then these mice were challenged with phenylquinone 
25 minutes later. 

The percent protection afforded by each substance was 
determined for each experimental group of five mice as follows: 


% protection = 100 - ( Sxperimental 100) (Hendershot and Forsaith, 
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RESULTS: 
A) The general screening studies showed that up to an oral dose of 
200 mg/kg, most of the above compounds demonstrated only a weakly 
sedative effect in mice. Included are the spiroN-hydroxyindoline (338) 
and (342) which showed at this dose level some decrease in motor 
activity and degree of alertness. Giving this dose intraperitoneally led 
to no increase in these effects. On the other hand, the spiro indolines 
(339) and (343) demonstrated some neuroleptic properties which signi- 
ficantly increased when these compounds were given intraperitoneally. 
At an oral dose of 100 mg/kg and over, compound (339) caused a marked 
decrease in motor activity, reactivity and alertness, and some muscle 
relaxation. These symptoms were comparable to those obtained when 
the same compound was given intraperitoneallyto mice in a dose of 
50 mg/kg. Below an oral dose of 100 mg/kg or ani.p. dose of 50 mg 
/kg, no effects were seen. Similar signs were obtained when chlor- 
diazepoxide was administered i.p. in a dose of 50 mg/kg except inthis 
case, ptosis and more muscle relaxation were observed. 

The 4-(2-aminobenzyl)pyrazolone (32la) demonstrated, 
at an oral dose of 100 mg/kg and up,hypnotic properties marked by a 
preliminary excitation period then depression and sleep. A similar 
effect was observed when sodium pentobarbital was administered orally 
to mice in a dose of 50 mg/kg. The mice given compound (321a) 
recovered after 1-2 hours while those given the barbiturate derivative 
took 3-4 hours to recover. The hypnotic effect was not demonstrated 
below an oral dose of 50 mg/kg and was not prolonged by giving the 


compound intraperitoneally. 
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At oral or intraperitonealdose levels of 200 mg/kg and 
below, none of the compounds tested produced any gross toxicity. 
B) Of all the compounds tested, only the spiroindolines (339) and (343) 
showed weak analgesic activity when administered orally to the test 
mice. A decrease in the total number of writhes as compared with the 
controls was observed at oral doses of 200 and 100 mg/kg for (339) and 
200 mg/kg for (343), but no effect was noted below this dose level. The 
percent protection was small, 48% and 34% for the two dose levels of 
(339) and 45% for the dose level of (343) as compared with 94% and 59% 
protection given by oral doses of 200 and 100 mg/kg of aminopyrine. 
Since the effects observed for the test compounds were weak, no attempts 
were made to administer other dose levels in order to calculate their 
ED,: 

From the results obtained, it is evident that these com- 
pounds have relatively weak neuroleptic properties. These weak 
properties may be due in part to the low solubility of these compounds 


in water. 
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Melting points were determined on a Thomas Hoover capillary 
melting point apparatus. All melting points quoted are uncorrected. 
Infrared (i.r.) spectra were recorded on a Beckman IR-10 spectro- 
photometer; nuclear magnetic resonance (n.m.r.) spectra were taken 
on a Varian A-60 spectrometer and chemical shifts are recorded in 
ppm (§) down field from tetramethylsilane (TMS). Mass spectra were 
determined by Dr. A. M. Hogg and his associates , Department of 
Chemistry, University of Alberta, with an AEI MS-9 or MS-12 mass 
spectrometer at an ionizing potential of 70 eV using the direct Probe 
technique. Elemental analyses were performed by the microanalytical 
laboratories of the Faculty of Pharmacy and Pharmaceutical Sciences 
and the Department of Chemistry, University of Alberta. 


The following abbreviations will be used throughout this 


section: 
br = broad 
d = doublet 
m = multiplet 
q = quartet 
s = singlet 
! =e Cri per 
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L. REDUCTIONS OF 4-(2-NITROBENZY LIDEN E) -2- 
——————————————_—_—_—————————— 
PYRAZOLINE-5-ONES 


1 ,3-Diphenyl-2-pyrazolin-5-one (317b) 


This compound was prepared following the procedure 
reported by Hinton and Mann (1959). Phenylhydrazine (11.9 g) was 
slowly added to ethyl benzoylacetate (21.4 g) and the mixture warmed 
on a water bath for five minutes. This solution was then poured into 
ether (75 ml) and stirred for two hours. The title compound, which 
precipitated slowly during this time, and was collected and recrystal- 
lized from ethanol to yield an off-white solid (19.3 g), m.p. Lg527.. 


Reported (Hinton and Mann, 1959) m.p. 135-8°. 


(Coutts and Edwards, 1966). 


A mixture of o-nitrobenzaldehyde (6.7 g), 3-methyl-1- 


phenyl-2-pyrazolin-5-one (7.0 g), fused sodium acetate (3.8 g), and 
acetic anhydride (12 ml) was heated on a water-bath until a homogen- 
ous red solution formed. When cooled, a dark-red crystalline pro- 
duct was formed. This was washed with water then with cold ethanol 
and recrystallized from ethanol to give the title compound (8.2 g) as 
orange-red crystals, m.p. 162-3°, Reported m.p. 162° (Narang et al, 
1934), 160-2° (Coutts and Edwards, 1966). 
I.r. spectrum (nujol): 1688 (C=O); 1522 and 1337 (NO,) ana + 
N.m.r. spectrum (CDC1,): 62°35 (BHT ss CH3); 7.0-8.4 (10H, m, 

aromatic protons). 

The following compounds were prepared in a similar 


manner: 


244 


siubes01q edt gatwollot bersqetq saw bayoqmo> eidT 8 =. 
esw (g 0.11) salasrbydlyaedd (221) aasM bas aointH yd betxoqex 
borntsw eutxinn od bas (g }. 1S) etsteoslyosned Iydie o3 bebbs ylwole 
oict beiveg seri saw aoftuloe eidT ,estuaten ovit soi died toIsw s a0 
doidw ,bawoqrmos eftii sdT .e wed ow? tot bertita bas (Ie: &¥) 19:39 
-Istey1o9% bas betosilos sew bag . omit atd? yaltub ylwols beistiqion1q 
T8281 .q.en «(pg €.@L) bilow eildw-No nas blety 03 lonsdte mozt bosil 
°B-2E1 .q.mm (S201 ,aaeM bas nota) beireqeA 


-1-Iydism~-€ ,{(p 1.4) obydebiaxnedottia-o to orgixinnA 


bas .(m 8.€) stieiexs mutboe besni ,(y 0.3) ea0-2-allosssyq-S-lynedq 
-megomod s [isan disd-1etew s mo beised esw (Ic SI) ebizbydas shteos 
-o7q eallistey1o ber-dAtsb 6 ,belooo asdW = .bemto} motiwloa bet suo 
lonsdis bloo dilw asd) 1tetisw dilw bedesw esw eldT _ .bem10t eaw toub 


aé (gy $.8) bavoqeros of3i3 odd svig of fonsdie mort besilistay13e% bas 


ig ta gnersV) °S8t .q.om bodr0qeA e-Sal -q.m , elsiey1> bet-sygast0 


(@0@I ,ebaswb@ bas attvoD) °S-08! ,(S€e! 
"gna (OW) VEEL bas $821 {O=D) 8831 :(lojwa) mmstoege «1.1 
om , OL) *.8-0.9 {pH ,2 , He) 2&.83% (¢f909) mutizeqe .1.,V 
.(anoto1g siiemots 
wslimtie 6 al bersqstq e19w ebavogmo> gaiwollot edT 


a 


ahs | me 


245 


] ,3-Dipheny1-4-(2-nitrobenzylidene) -2-pyrazolin-5-one (318b) was 
obtained as red needles (9.9 g, m.p. 180-2°) from o-nitrobenzalde- 
hyde (6.0 g) and 1 ,3-diphenyl-2-pyrazolin-5-one (10.0 g). Reported 
(Coutts and Edwards, 1966) m.p. 181-2°, 

I.r. spectrum (nujol): 1695 (C=O); 1540 and 1330 (NO) cm7!. 
N.m.r. spectrum (CDCl3): 66.9-8.4 (15H, m, aromatic protons). 
4-(5-Chloro-2 -nitr obenzylidene) -3-methyl-1-phenyl-2-pyrazolin-5-one 
(318c) was obtained as orange-red needles (5.1 g, m.p. LAdse 2} from 
3-chloro-6 nitrabenzaldehyde(7.4 g) and 3-methyl-1 -phenyl-2-pyrazolin- 
5-one (7.0 g). Reported (Coutts and Edwards, 1966) m.p. 140-2°. 
I.r. spectrum (nujol): 1695 (C=O); 1520 and 1333 (NO>) cm7}. 
N.m.r. spectrum (DMSO-d¢): £2.35 (3H, s, CH3); 7.0-8.6 (9H, m, 


aromatic protons). 


General Procedure for sodium borohydride and palladium -charcoal 
reductions. 

A solution of sodium borohydride (0.5 g) in water (10 ml) 
was carefully added to a suspension of palladium-charcoal (0.05 g) in 
water (5 m1). The nitro compound (1.0 g), dissolved in a suitable 
solvent, was added dropwise over a period of thirty minutes. Nitrogen 
was bubbled through the reaction mixture during the addition of the 
nitro compound and for a further fifteen minutes. The mixture was 
then filtered and the filtrate acidified and diluted with ice-cold water. 


The precipitated product was either filtered off or extracted into ether. 


Reductions of 3-methyl-4-(2-nitrobenzylidene) -1 - razolin- 


5-one (318a). 
Method A: Reduction with sodium borohydride in dioxane 


The title compound (4.0 g) in dioxane (80 ml) was added 
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dropwise to a stirred solution of sodium borohydride (2.0 g) in 50% 
aqueous dioxane (20.0 ml). After addition was completed, stirring 
was continued for one hour. The reaction mixture was cooled and 
acidified with dilute hydrochloric acid then diluted with water. The 
precipitate was collected and crystallized from ethanol to give a yellow 
crystalline compound (3.4 g) m.p. 168-9° which was identified as 
3-methyl-4-(2-nitrobenzyl)-1 -phenyl-2-pyrazolin-5-one (319a). 
I.r. spectrum (nujol): 2300-3200 v. br. (OH); 1605 (C=N); 1530 and 
1335 (NO,) cm™!. 


N.m.r. spectrum (DMSO-d 62.05 (3H, s, CH2); 3.95 (2H, 2; CH»); 


6)? 
7.4 (1H, br. , exchanged with D5O', OF)? 7 2-81 (9H),*m?,? aromatic 
protons). 

Anal. Calcd. for C) 7H) 5N,03: C, 66.01; H, 4.88; N, 13.58. 

Hound 7arG, 065991 21H 6500; WNZG1693 99 

Method B: Reduction with sodium borohydride and palladium-charcoal 

in dioxane: 

(i) Using the general procedure (p. 245), a solution of 
3-methyl-4-(2-nitrobenzylidene) -1-phenyl-2-pyrazolin-5-one (318a) 

(3.0 g) in dioxane (50 ml) was reduced with sodium borohydride and 

palladium-charcoal. When the filtered reaction mixture was acidified 

with dilute hydrochloric acid then flooded with water (300 ml), it yielded 

a dark yellow precipitate (2.8 g). Attempts to purify the crude product 

by crystallization proved difficult. Chromatography on a silica gel 

column using chloroform/ether (9:1) followed by evaporation of eluate 
gave a yellowish crystalline compound (1.2 g), m.p. 1 a7-Sreae (ethanol) 
which was identified as spiro[ (1-hydroxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one)] (338). This compound reduced Tollen's 
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reagent and gave, in the presence of alkali, a purple-red color with 

triphenyltetrazolium chloride. 

I.r. spectrum (nujol): 1690 (C=O); 3275, br. (N—-OH) em: s 

N.m.r. spectrum (DMSO -d¢): 61.97 (3H, s, CH); 3.28 (2H, br, CHo); 
9.67 (1H, br, exchanged with Doo, NeOH);. 6. 7-8. 31190 em: 
aromatic protons). 

N.m.r. spectrum (pyridine): §2.1 (3H, s, CH3); 3.44 (2H, doublet of 
doublets, J=16 Hz, CH,); 12.1 (1H, br. exchanged with DO, 
N~OR); VSL, 8 (9H Yam > aromatic protons) 

Mass spectrum: See Fig. 25, 

Anal. Calcd. for OTE ig gO7: 6Gi209, 01, Hoes. 16; IN, 14.33. 

Found: C, 69.62; H, 5.07; N, 14.29. 

Further elution of the column with more polar solvent 
yielded only small amounts of dark brown oils which were not investi- 
gated. 

(ii) When the above reaction was repeated and the filtered 
reaction mixture was acidified with dilute acetic acid then flooded with 
ice-cold water (300 ml), it gave a white precipitate. Crystallization 
from ethanol offered a white crystalline product (1.5 g) melted at Lal 27 
(decomp.). Infrared andn.m.r. spectra were identical to those of the 
N-hydroxyindoline described above. Concentration of the mother 
liquor yielded a white crystalline second product (0.4 g), m.p. MS2-3) 
This was 4-(2-aminobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5-one 
(321a). Reported m.p. 141-2° (Coutts and Edwards, 1966), 142° 
(Narang et al, 1934) (Compound erroneously identified by these authors). 
I.r. spectrum (nujol): 1628 (bonded C=O); 1604 (C=N); broad absorp- 


tion between 2100 and 3500 with maxima at 3200; and 3345 (OH and 
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NH>) cm7!, 

I.r. spectrum (CHCl, , 2% solution): 1712 (C=O) cm-!. 

I.r. spectrum (DMSO, 2% solution): 1660, average (C=O); 1603 
(C=N) ene 

N.m.r. spectrum (DMSO-d,): SeeL (3H 4s= CH); oP: RA WA = beret ps CH,); 
6.3-7.9 (12H, m, aromatic protons included 3 exchanged with D0 
for NH> and pyrazolone proton). 

N.m.r. spectrum (CDC1,): elelo(sr, a" CH3); 3. 3(2H, 8, CH,); 
6.5-8.2 (9H, m, aromatic protons); 6.0-6.5 (3H, br., exchanged 
with D,), NH» and pyrazolone proton). 

Mass spectrum: See Fig. 1. 

Accurate mass measurements: 186.0790, C,1Hj9N,0 requires 

186.0793; 106.0655, C6HEN2 requires 106.0657. 
Anal. Calcd. for C) 7H) 7N30: Colo, U7. toe lois Ns) 5.04" 
FDUNG: (G7 45.06; 1 b.0G--N.. 14691, 

(iii) Reduction of the nitrobenzylidene derivative (318a) 
with sodium borohydride and palladium-charcoal was repeated as above 
and the filtrate was diluted with ice-cold water before acidification. 

A white precipitate (1.6 g) formed and was collected and crystallized 

from ethanol to give the previously identified spiro(N-hydroxyindoline) 

pyrazolone (338), m.p. 192-3°. The filtrate from this was then 

acidified with glacial acetic acid to give a white precipitate (0.5 g) 

which was crystallized from ethanol into a small amount (0.08 g) of 

white crystals identified as spiro[ (indoline) -2 ,4'( 3'-methyl-1'-phenyl- 
1H-pyrazolin-5!'-one)] (339), m.p. 126-7°. 

I.r. spectrum (nujol): 1725 (C=O); 3305 (NH) cm7!, 


N.m.r. spectrum (CDC1,): $2.09 (3H .s, CH3); 3.33 (2H, doublet of 
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doublets, J=16.5 Hz, CH,); Sa br exchanged swath O., 


2 
NH); 6.56-8.1 (9H, m, aromatic protons). 
Mass spectrum: See Fig. 21. 
Accurate mass measurements: See Table 5. 
Anal., Caled. for C) 7H, 5N30: Cs (obo er ahs NOLS tS, 
Found:. °G 273.935: H..5, 49: N, 14,94. 

The mother liquor remaining after the removal of the 
above product was concentrated to yield a third product (0.33 g), m.p. 
153-4° which was found to be the 4-(2-aminobenzyl)pyrazolone (321a). 
Its infrared spectrum was identical with that of an authentic sample of 
(321la). 
Method C: Reduction with sodium borohydride and palladium-charcoal 
in methanol. 

Following the general procedure outlined above (p. 245), 
a solution of 3-methyl-4-(2-nitrobenzylidene) -1-phenyl-2-pyrazolin-5- 
one (2.0 g) in methanol (120 ml) was reduced with catalyzed (10% Pd-C) 
sodium borohydride. The reaction mixture was filtered and the fil- 
trate was acidified with glacial acetic acid. A small amount (0.13 g) 
of a pale-yellow product, m.p. 146-9° was deposited. This was 
collected and recrystallized from ethanol to give a white crystalline 
compound, m.p. 182-3° identified (i.r. and n.m.r.) as the spiro(N- 
hydroxyindoline) pyrazolone (338). When the filtrate remained after 
collecting this product was concentrated and allowed to stand, it 


yielded a crystalline product (0.63 g), m.p. 151 -2° which was identical 


to the 4-(2-aminobenzyl) pyrazolone (32la) described above. 
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Reductions of 1 ,3-diphenyl-4-(2-nitrobenzyliden) -2-pyrazolin-5-one 
(318b). 


Method A: Reduction with sodium borohydride in dioxane. 

The title compound (3.0 g) was reduced with sodium boro- 
hydride (1.5 g) as described for the reduction of the methyl analog 
(318a) (method A). The resulting yellow precipitate was crystallized 
from ethanol as a pale-yellow solid (2.7 g), m.p. 185-6°,. This was 


identified as 1 ,3 -diphenyl-4-(2-nitrobenzyl)-2-pyrazolin-5-one (319b). 


I.r. spectrum (nujol): 2400-3200 br. (OH); 1604 (C=N); 1527 and 
1340 (NO,) cm7!, 
N.m.r. spectrum (DMSO -d¢): 64.42 A2E i bre ‘s.., GHo); ei. OI, bres, 
exchanged with DO, OH); 7.1-8.1 (14H, m, aromatic protons). 
Anal. Calcd. for Co 2H, 7N303: Cy 1 Quosa HA aOlce Neel. 3.1L. 
Bound: 4G ,6710:30; Hj p4241; IN 9 Jd «24, 
Method B: Reduction with sodium borohydride and palladium -charcoal 
in dioxane. 
1 ,3-Dipheny1-4-(2-nitrobenzylidene) -2 -pyrazolin-5-one 
(3.0 g) was reduced according to the general procedure using dioxane 
(60 ml) as solvent. The reaction mixture was filtered and the filtrate 
acidified with dilute acetic acid then flooded with ice-cold water (300 
ml). The precipitate formed was crystallized from ethanol into an 
off-white solid (1.2 g), m.p. 178-9° (decomp.) which was identified 
as spiro[ (1-hydroxyindoline) -2 ,4'-(1' ,3'-diphenyl-1H-pyrazolin-5'- 
one) ] (342). This compound reduced Tollen's reagent and gave postive 
tests with triphenyltetrazolium chloride. 
I.r. spectrum (nujol): 1696 (C=O); 3347 (N—OH) eee 


N.m.r. spectrum (DMSO-d): Sete (nlcliaeD ins Sy CH); 9.8 (1H, br. s 
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exchanged with D,0, N-OH); 6.7-8.3 (14H, m, aromatic protons). 
Mass spectrum: See Fig. 25, 
Anal. Calcd. for Co2H)7N30,: C7 1%, 207 (H, 44, 797" NO Pete 2 
Found?'°C , 747233""H3°4387-9 N Ore, 89 
Concentration of the mother liquors after the removal of 
the above product gave 0.35 g of second compound, 4-(2-aminobenzyl)- 
1 ,3-diphenyl-2-pyrazolin-5-one (321b), mp 151-3. Reported 
(Coutts and Edwards, 1966) is Ds 109-10° (compound erroneously 
identified by these authors). 
I.r. spectrum (nujol): 1625 (bonded C=O); 1600 (C=N); 2200-3400 
broad with maxima at 3170 and 3350 (OH and NH,) cm7! 
I.r. spectrum (CHCl,, 2% solution): — 1711 (G=0) cm-l, 
I.r. spectrum (DMSO, 2% solution): 1654, average (C=O) cm-l, 
N.m.r. spectrum (DMSO -d¢): §3.68 (2H, s, CH,); 6.3-8.0 (17H, m, 
aromatic protons included 3 exchanged with D,0 ; NH, and pyrazo- 
lone proton). 
2)3 6.4-8.2 (14H, m, 
aromatic protons); 5.0-5.6(3H, br., exchanged with D,O, NH, 


N.m.r. spectrum (CDC1,): 63.63 (2H, s, CH 


and pyrazolone proton). 
Mass spectrum: See Fig. 1. 


Accurate mass measurements: 248.0945, C O requires 


L6ile 2 
248.0950; 106.0661, C7H,N requires 106.0657; 93.0584, CgH.N 
Pequires 93,0579; 

Method C: Reduction with sodium borohydride and palladium-charcoal 

in methanol, 


The title compound (2.0 g) in methanol (100 ml) was 


reduced as described in the general procedure (p. 245). When the 
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reaction mixture was acidified with glacial acetic acid, some yellow 
crystals (0.08 g), m.p. 176-8° separated. This was found to be the 
spiro(N -hydroxyindoline) pyrazolone (342). The filtrate was concen- 
trated to half the original volume. When cooled, it yielded a pale- 
yellow solid which was recrystallized as off-white crystals from 
ethanol (0.56 g), m.p. eS lee identified (i.r.) as 4 -(2-aminobenzyl) - 


1 ,3-diphenyl-2-pyrazolin-5-one (321b). 


Reductions of 4-(5-chloro-2 -nitr obenzylidene) -3-methyl-1-phenyl-2- 
pyrazolin-5-one (318c). 
Method A: Reduction with sodium borohydride in dioxane. 

The title compound (3.0 g) was reduced according to the 
method described for the reduction of the analogs (318b, c) (Method A). 
Crystallization of the resulting precipitate (2.65 g) from ethanol gave 
4-(5-chloro-2-nitrobenzyl)-3-methyl-1 -phenyl-2-pyrazolin-5-one 
(319c) as a pale-yellow solid, m.p. 145-6°, 
I.r. spectrum (nujol): 2100-3300 br. (OH); 1526 and 1342 (NO,) cm}, 


N.m.r. spectrum (DMSO-d O22 ss CH3); 4,03.(244°6 5 CH>); 


6)? 
7.1-8.3 (8H, m, aromatic protons); 11.0-12.7 (1H, br. s, ex- 
changed with D,0,OH). 

Anal. Calcd. for C,7H)4C1N303: Gy. 59,599. Ho 4.0; No oi2e2e2. 

Bound:) °G7.59>53:3 He 47212 Niel 2. 47. 

Method B: Reduction with sodium borohydride and palladium charcoal 

in dioxane. 

The title compound (2.0 g) in dioxane (50 ml) was reduced 
according to the general procedure (p. 245). The filtrate, on acidifi- 


cation with dilute acetic acid and dilution with water, yielded a white 


precipitate (1.3 g). Crystallization from ethanol gave spirof[ (5-chloro- 
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1 -hydroxyindoline) -2 ,4'(3'-methyl-1' -phenyl-1H-pyrazolin-5'-one) 
(347) as awhite solid, m.p. 143-5° which reduced Tollen's reagent 
and gave a positive reaction with triphenyltetrazolium chloride. 
I.r. spectrum (nujol): 1685 (C=O); 3280, br. (N-OH); 1605 (C=N)cm | 
N.m,r. spectrum (DMSO -d¢): WARY AM (ie heer CH,); 3.46 (2H, s, CH>); 
6.9-8.1 (8H, m, aromatic protons); 8.6 (1H, br. , exchanged 
with D3O, N—-OH). 
Mass spectrum: See Fig. 25. 
Anal. Calcd. for C,7H,4CIN30,: CGw02. 293 .n., 4.50: Ny l2.82, 
Found: C, 62.13; H, 4.48; N, 13.09. 
The mother liquors, on concentration gave small amounts 
(0.18 g) of white crystals melted at 118-20° which was identified as 
henyl-2- 


4-(2-amino-5-chlorobenzyl) -3-methyl-1- razoline-5-one 


(321). 
I.r. spectrum (nujol): 1630 (bonded C=O); 1602 (C=N), 2100-3420, 
br. with maxima at 3230 and 3390 (OH and NH,) cm°!, 


N.m.r. spectrum (DMSO-d,): 62.08 (3H, s, CH3); 3.48 (2H, s, CH); 


6) 
6.4-8.0 (11H, m, aromatic protons included 3 exchanged with 
D,0O). 

Anal. Calcd. for C)7H,;¢,C1N30: CreoSs0 622 45714 seN G5. 9: 

Bound: 9 C.s0oalZsoH, o62iy N 5 15.45. 

Method C: Reduction with sodium borohydride and palladium-charcoal 


in methanol. 


The general procedure described on p. 245 was used for 
the catalytic (Pd-C) sodium borohydride reduction of the title compound 
(2.0 g) in methanol (120 ml). The filtered reaction mixture was acidi- 


fied with glacial acetic acid then concentrated ( 50 ml). When cooled, 
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4-(2-amino-5-chlorobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5-one 
(321c) separated as pale-yellow solid (1.1 g), m.p. Wines ot Recry- 


stallization twice from ethanol raised the m.p. to i tone Uae. 


(319a). 
Method A: Reduction with sodium borohydride and palladium -charcoal 
in sodium hydroxide solution. 

Following the general procedure outlined on p. 245 , 

a solution of the title compound (4.0 g) in 10% aqueous sodium. hydroxide 
(80 ml) was reduced with sodium borohydride and palladium-charcoal. 
The filtered reaction mixture was acidified with ice-cold dilute acetic 
acid to give a copious white precipitate. This was crystallized from 
ethanol to white needles (3.4 g), m.p. ieee Theéesi,r. and nomen, 
spectra of this product were identical to those of 4-(2-aminobenzyl)-3- 
methyl-1-phenyl-2-pyrazolin-5-one (32la). 

When the filtrate was acidified with dilute hydrochloric 
acid, it yielded a pale-yellow precipitate. Crystallization from 
methanol gave 4-(2-aminobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5-one 
(32la) hydrochloride, m.p. rae ae The same compound was obtained 
quantitatively as white crystals, m.p. 255-6° when dry hydrogen chloride 
was bubbled through a solution of (32la) in tetrahydrofuran. 

I.r. spectrum (nujol): 1900-3280, broad with low intensity maxima at 
2080, 2630 and 3090 cm! 
Anal, Calcd. for Cj7H;gCIN30: C, O4AVO5 sere ie Neos y al. 


Hound: GCG, 640718, S.72;. N, 132719. 
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Method B: Reduction with iron and ferrous ammonium sulfate. 

Reduced iron (2.0 g) was added to a solution of the title 
compound (1.0 g) in ethanol (60 ml) and the mixture was heated to 
boiling. An aqueous solution (25 ml) of ferrous ammonium sulfate 
(0.6 g) was added to the mixture and heating was continued for two 
hours. The filtered reaction mixture was evaporated to dryness, and 
the dried residue was heated with absolute ethanol (15 ml) and filtered. 
The filtrate, on evaporation, yielded an off-white solid (0.62 g), m.p. 
Meese » This was recrystallized from ethanol to give a colorless 
solid, m.p. 181-2°, the infrared spectrum of which indicated that it 
was spiro[ (1-hydroxyindoline)-2 ,41-(3'-methyl-1'-phenyl-1H-pyrazolin- 
5) Sone)! 1-(338)% 

When this reaction was repeated, the results were not 
consistent. It sometimes gave the above compound but on other 
occasions it yielded the 4-(2-aminobenzyl) pyrazolone (321la) or a 
mixture of both products. When a mixture was obtained, it was 
dissolved in 10% sodium hydroxide then extracted with ether. Evapor- 
ation of the dried ether extract yielded the spiro (N-hydroxyindoline) 
pyrazolone (338). Acidification of the aqueous layer with acetic acid 
gave the 4-(2-aminobenzyl)pyrazolone (321la). 

Method C: Reduction with zinc and ammonium chloride, 

Ammonium chloride (0.2 g) in water (10 ml) was added 
to asolution of 3-methyl-4-(2-nitrobenzyl) -3-methyl-1-phenyl-2 - 
pyrazolin-5-one (1.0 g) in dilute (50%) ethanol (40 ml). Zinc dust 
(0.5 g) was added and the mixture was refluxed for two hours under 
nitrogen. The filtered reaction mixture was dried under vacuum, 


dissolved in absolute ethanol and refiltered. Concentration of the 
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filtrate yielded white crystals m.p. 125-6°. Recrystallization from 
ethanol raised the m.p. to 128-9°, This compound was identified 
(i.r. and mixed m.p.) as the spiro(indoline)pyrazolone (339) described 


earlier (p. 248), 


Method D: Reduction with zinc and acetic acid. 

Zinc dust (1.0 g) was added in small quantities to a stirred 
solution of the title compound (2.0 g) in boiling glacial acetic acid 
(20 ml). The mixture was heated under reflux for six hours then 
filtered and the filtrate was diluted with water (100 ml). The yellow 
flocculant precipitate formed was collected and crystallized from 
aqueous ethanol as yellow solid, m.p. 166-8° identified as 3-methyl- 
1-phenyl-1H-pyrazolo[ 3 ,4-b Jquinoline (376a). Reported (Brack, 
1962) m.p. 178°. 
I,r. spectrum (nujol): 1618 (C=N) Sas no NH or OH bands. 
N.m.r. spectrum (CDCl): §2.78 (3H, s, CH3); 7.3-9 (10H, m, 

aromatic protons). 
Mass spectrum: 259 (M+, 100%), 258 (27%) , 244 (33%), 218 (21%). 
Anal. Calcd. for C) 7H, 3N3: Nie Owls 
Found) (NS). 38% 

The same compound was obtained in low yield (0.15 g), 
when 4-(2-aminobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5-one (0.5 g) 
was heated under reflux in acetic acid (10 ml) for three hours. Eva- 
poration of acetic acid gave a yellow oil which crystallized from ethanol 
into dark yellow crystals, m.p. T5au6e 
Method E: Catalytic hydrogenation, 

(i) A solution of 3-methyl-4-(2-nitrobenzyl) -3-methyl-1 - 


phenyl-2-pyrazolin-5-one (1.0 g) in absolute ethanol (150 ml) was 


bodizoesb (@£€) sedi ithe tesa 
(8S 29) xotizee 


‘weaste 6 01 eeititneup Mere at bebbs esw (gp 0.) teuboniS = yt 
bios 2liac8 Istosig gailiod at (gy 0.S) bavogmos e311 edi to nolislos 
aedi etuod xbe 101 xulle1 tobay betsed esw etyhden odT «(lene OS) 

wollsy adT . (ior 0OL) 19%6sw ditw bedwlib asw stextilt edd bas bexssiit 
rot? besilisteyz> bas betvelion asw bemrot stetiqioe1q tasivosol 
-Iydtee-€ es bettitasbi 98-801 .q,or , blow wolley ex Jomstiie auosups 
dost) betxegeA .(sdV€) eailoniup[(d-*, € Joloss 1yq-Hi -iynedqel 
| BTL .q.ce (SORE 
.abasd HO so HM on st io (M=D) BLdL 2(lotwa) niuioetanna 
a ,HOLPO-E.T jlpHD .e »HE) BY.S% :({OGD) amaioege «1.01.0 
{enototg oHemors |. 
(PLS) BLS - (PEE) BES , (PTS) BES , (POOL . 7M) COS semutioege easM 
AS.OL UW tgMpy Hp yO x01 .bolsO .leaA 
i, 80.81 A ibavo® 

.(g 21.0) blety wel al benistdo esw bavoqmos emsa odT - 
(g 2.0) sa0-@-allosa1yq-S-lynedg-1-lydsern-t- ~(Lysaedontmns- ~S)-* asdw 
-sva ,.e vod setdd soi (Ie 01) bios ofteos ai xufet sebau beised esw 
lonedis mot besilisteayto doidw Lio wolley s svsg bios 2192s Io sols tog 
. r-881 «q.m , aletaeyto wolley A185 cial 


- [-Tydgoet-€-(fysnede1sta-S)-b-lydiom-€ Yo aoltuloaA Ml) ) ile 


esw (ler 024) lonadts etvloeds at (g 0.!) ono-¢-akloreryq-S-lynsdg 


_ had 
et 


257 


hydrogenated at room temperature and atmospheric pressure in the 
presence of a catalytic amount (~30 mg) of platinum oxide. After the 
uptake of hydrogen had ceased, the catalyst was removed by filtration 
and the solvent evaporated, leaving a solid residue (0.58 g) which was 
crystallized from ethanol to colorless crystals Tape 153-4°, Infrared 
and n.m.r. spectra of this product were identical with those of the 
4-(2-aminobenzyl)pyrazolone (32la). 

(ii) The above reduction was repeated and the reaction 
mixture was set aside for 24 hours then filtered. Evaporation of the 
solvent yielded a colorless solid, the i.r. spectrum of which showed 
absorption bands at 1690 (C=O) and a broad band between 2100 and 3500 
with maxima at 3200, 3340 and 3400 cm7!, This product was treated 
with dilute sodium hydroxide solution and extracted with ether. The 
ethereal layer was washed with water, dried (Na zSO4) and evaporated. 
The solid residue formed (0.8 g) crystallized from ethanol into color - 
less crystals (0.32 g), m.p. 146-9° identified as spiro[ (3-methyl-1- 


phenyl-1H-pyrazolin-5-one) -4 ,3'-(2' -methyl-1' ,2' ,3' ,4'-tetrahydro- 


quinoline)_] (337a). 

I.r, spectrum (nujol): 1690 (C=O); 3405 (N-H) cm”, 

N.m.r. spectrum (CDCL,): §1.06 (3H, d, J=6.5 Hz, CH3); 1293068 , 
s, CH3); 3.01 (2H, doublet of doublets, J=16.5 Hz, CH,); 3/87. 
(1H, s, CH); 3.86 (1H, br. s, exchanged with DO, NH); 6.5-8.2 
(9H, m, aromatic protons). 

Mass spectrum: See Fig. 6. 

Anal, Caledsvfor C1 9H) 9N30: Gat 727 2a Fee 7 aN 8 © 7.62 

Bound:sisC > 74. 61k) Hew 6 £0400 N46 213.26 7x 
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acetic acid gave a white flocculant precipitate (0.3 g) which was cry- 

stallized from ethanol to yield 4 -(2-aminobenzyl)-3-methyl-1-phenyl- 

2-pyrazolin-5-one (321la) as a colorless solid, mip. 151329) 

(iii) The previous reaction was repeated in propanol 

(150 ml). Crystallization of the alkali-soluble product gave 0.26g 

of the 4-(2-aminobenzyl)pyrazolone (321a), M.p..l0<2°, The 

ethereal extract was evaporated and crystallized from ethanol yielding 

a colorless solid (0.44 g), m.p. 141-3° identified as spiro[ (3-methyl- 

1-phenyl-1H-pyrazolin-5-one) -4 ,3' -(2' -ethyl-1' ,2' ,3' ,4'-tetrahydro- 

quinoline) ] (337b). 

I.r. spectrum (nujol): 1690 (C=O), 3390 (N—H) cm7-!, 

N.m.r. spectrum (CDC1,): §1.0-1.8 (5H, m, CH CH 3); 1.88 (3H; s, 
CH3); 3.05 (2H, doublet of doublets, J=16.5 Hz, CH,); 3.5 (1H, s, 
CH); 4.05 (1H, br. s, exchanged with D50,,N HH); 6.5-852 (9H, 
m, aromatic protons). 

Mass spectrum: 319 (M*, 100%), 302 (2%), 290 (62%), 146 (90%). 

Anal. Calcd. for C4 9H2)N30: Cre Daalgeati a tOsOS Ne lol oe 

Mound jG) oe4t0s) bl, Oa ls No ole oS. 
(iv) When the same reduction was performed in methanol 

(150 ml), it yielded a solid product which crystallized from methanol 

into colorless crystals (0.28 g), m.p. 153-4°, This was identified 

as spiro[ (3-methyl-1-phenyl-1H-pyrazolin-5-one)-4 ,3'-(1',2' ,3' ,4'- 

tetrahydroquinoline) ] (383a). 

I.r. spectrum (nujol): 1690 (C=O), 3425 (N-H) cm7!, 

N.m.r. spectrum (CDCl3): 62.01 (3H, s, CH3); 3.0 (2H, doublet of 
doublets, J=17.5 Hz, CH>); 3.91 (1H, br. s, exchanged with D,O, 


NH); 6.6-8.3 (9H, m, aromatic protons). 
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Mass spectrum: See Fig. 6. 
Anal, Calcd. for C;gH)2N,0: C, 74.20; H, 5.88; N, 14.42. 
Found: = “G*s*73es72F 11s OF O1FY N ¢ “lis98h 


No other products was isolated from this reaction. 


Reductions of 1 ,3-diphenyl-4-(2-nitrobenzyl) -2- 


Method A: Reduction with sodium borohydride and palladium -charcoal 


in sodium hydroxide solution. 

The title compound (2.0 g) was reduced according to the 
general procedure (p.245). Acidification of the filtrate with dilute 
acetic acid gave a white flocculant precipitate which crystallized from 
ethanol into colorless crystals (1.8 g), m.p. 151-3”. This was 4- 
(2-aminobenzyl)-1 ,3-diphenyl-2-pyrazolin-5-one (321b). When the 
filtrate was acidified with dilute hydrochloric acid, it precipitated an 
off-white product. Crystallization from methanol yielded 321b hydro- 
chloride as a white solid, m.p. pies a Reported (Coutts and Edwards, 
1966) m.p. e263 | 
I.r. spectrum (nujol): 1900-3200, broad with low intensity maxima 

at 1985, 2060, 2635 and 3080 cm’. 
Anal. Galcd. for C,H 9C1IN30: Ge 6G Oo ellos Dae asco LO. oil rs 
Found: C, 64.71: H, 5.59; N, 13.26; 
Method B: Reduction with iron and ferrous ammonium sulfate. 

A solution of the title compound (1.0 g) in ethanol (80 ml) 
was reduced with reduced iron and ferrous ammonium sulfate as 
described for the reduction of the methyl pyrazolone (319a) (Method B). 
The resulting white solid (0.65 g) was crystallized from ethanol as 


colorless crystals, m.p. Te2-3-y The ives spectrum of this compound 


was identical with that of the amine (321b) prepared as described above. 
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Method C: Reduction with zinc and ammonium chloride, 

The title compound (1.0 g) was reduced as described for 
the reduction of 3-methyl-4-(2-nitrobenzyl)-1 ~pheny1-2-pyrazolin-5- 
one (319a) to yield pale-yellow crystals (0.78 (res eee oP 193-4°, This 
was identified as spiro[ (indoline)-2 ,4'-(1' ,3' -diphenyl-1H-pyrazolin- 
>'=one) ] (343); 

I.r. spectrum (nujol): 1728 (C=O); 3390 (N—H) em7!, 

N.m.r. spectrum (DMSO-d): $3.5 (2H, br. s, CH»); 4.6 (1H, br. 
s, exchanged with DO, NH); 6.6-8.3 (14H,m, aromatic protons). 

Mass spectrum: See Fig. 21. 

Anal. Calcd, tor Gs. aN 
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Method D: Reduction with zinc and acetic acid. 

1 ,3-Dipheny1-4-(2-nitrobenzyl)-2-pyrazolin-5-one (2.0 g) 
wee reduced with zinc dust (1.0 g) and acetic acid (20 ml) according to 
metho D described for the reduction of the methyl analog (319a). 
When the reaction mixture was filtered, a dark yellow solid (0.8 g), 
Tepe 158-60" crystallized from the filtrate. This was collected and 
recrystallized from ethanol to yield golden yellow needles, m.p. toze3 = 
1 ,3-diphenyl-1H-pyrazolol3 ,4-b] quinoline (376b). <A further crop 
(0.5 g), m.p. 157-8° was obtained from the filtrate by dilution with 
water (100 ml). 

I.r. spectrum (nujol): 1618 (C=N) yews No NH or OH bands. 
N.m.r. spectrum (CDCL,): $7.0-8.9 (15H, m, aromatic protons). 
Mass spectrum: 321(M*, 100%), 320 (30%), 244 (11%), 218 (9%). 
Anal. Calcd. for Co5H i 5N,:; C, 81.22; 4.4..71;_N., 13,08. 
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The same compound was obtained by heating a solution 
of the 4-(2-aminobenzyl)pyrazolone (32lb, 0.5 g) in acetic acid (10 ml) 
for two hours. When the solution was cooled, the pyrazoloquinoline 
(376b) separated as yellow crystals (0.35 g), m.p. 158 < She 
Method E: Catalytic hydrogenation. 

(i) The title compound (1.0 g) in methanol (200 ml) was 
hydrogenated over platinum oxide (~30 mg) at room temperature and 
atmospheric pressure. Whenthe calculated amount of hydrogen was 
taken up, the catalyst was filtered off and the solvent evaporated to 
give a yellow solid. Crystallization from methanol yielded pale- 
yellow crystals (0.35 g), m.p. 188-9°, This was identified as spiro- 
[ (1 ,3-diphenyl-1H-pyrazolin-5-one)-4 ,3'-(1',2' ,3' ,4'-tetrahydro- 
quinoline) ] (377a)*. 

I.r. spectrum (nujol): 1700 (C=O); 3365 (NH) cm7?, 


N,m.r.rspectrum (CDC1,): $3), 34)(2H , s, CH 36°57 (21t Dr. S 


2)3 

CH,); 3295 (1 Fs: bri 7s) NH)s0)6. 528 $3/ (14H), um, aromatic protons). 
Mass spectrum: See) Fig); 7; 
Accurate mass measurements: 118.0653, Gaay requires 118.0657. 
Anal. Calcd. for C53H)9N30: Gi, 48. 2GAL , eb. 425 oN yell 2895 

Foeundse"G , 7749939.H ,35249652N shh. 2. 
The above reduction was repeated in the solvents described 

yielding the following compounds: 
Spiro[(1 ,3-diphenyl-1H-pyrazolin-5-one)-4 ,3'-(2'-methyl-1! ,2' ,3' ,4'- 
tetrahydroquinoline ] (377b) was obtained as off-white needles (0.75 g, 


m.p. 165-6°) when ethanol (200 ml) was used as solvent. 


* The same product was obtained when the reaction was catalyzed with 
palladium -charcoal. 
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I.r. spectrum (nujol): 1712 (C=O); 3405 (N H) cm7!, 

N.m.r. spectrum (CDCl3): §1.15 (3H, d, J=6.5 Hz, CH3); oleh Wala ie 
doublet of doublets, J=17 Hz, CH,); 6) ONE) qyiCH); 3.63 (1H, 
br. s, exchanged with D>50),.NH); 6.48); 39( 14H om) ,saromatic 
protons). 

Mass spectrum: See Fig. 7. 

Accurate mass measurements: 367.1680, C44H>,N30 requires 
S67 JUG8S:;, 352.1450 , C53H)gN30 requires 352. 14507 5132,0613., 
C19H oN requires! 132.0813: 

Anal. Calcd. for C24H>1N30: G, 08,402. H, 5.76; N, T1643. 

Mounds 1) Gi,, 78s averkt 1-5 -60s sNGil-60x 
Spiro[ (1 ,3-diphenyl-1H- 2'-ethyl-1' 


razolin-5-one)-4 ,3'- 24,3! ,4'- 


tetrahydroquinoline)] (377c) was isolated as colorless crystals (0.59 g, 
rapt 159-60°) when a solution of 1.0 g of (319b) in propanol (200 ml) 
was hydrogenated over platinum oxide. 
I.r. spectrum (nujol): 1710 (C=0); 3415 (N—H) cm~?, 
N.m.r. spectrum (CDC1,): SOCIO 4M, Mm HOs ole CH,CH,); 
3.55 (2H, doublet cr doublets; J=17. 5 Hz, CH,); 3704, Ci bts Ss , 
exchanged with D,O, NH); 6.3-8.3 (14H, m, aromatic protons). 
Mass spectrum: 381 (M*, 100%), 364 (2%), 352 (42%), 352 (42%), 
146 (78%). 
Accurate mass measurements: 381.1837, C,5H53,N30 requires 381.1841; 
146.0966, C,,9H)2N requires 146.0970. 
Anal Galcd, for C45H»3N30: Oe One wer ee ORT sen NG, civlis Ue 
mound: Gs, (Ge005 —rarovl04s IN > 11,074 
Spiro[ (1 ,3-diphenyl-1H-pyrazolin-5-one)-4 ,3'-(2'-phenyl-1' ,2' ,3' ,4'- 


tetrahydroquinoline) ] (377d) was obtained as pale-yellow solid (0.28 g, 
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eR ae Zs ae) when the above reduction was repeated in benzyl alcohol 

(200 ml). 

I.r. spectrum (nujol): 1698 (C=O); 3380 (N-H) cm~!, 

N.m.r. spectrum (CDCl,): 63.45 (2H, doublet of doublets, J=17 Hz, 
CH,); 4,00 (117 6),(CH)* 34707 (IH bre, exchanged with D,0,NH); 
7-7.8 (19H, m, aromatic protons). 

Mass spectrum: 429 (M+, 100%), 412 (2%), 352 (3%), 194 (67%), 

Lee (eoio)e 

Anal. Calcd. for CAGHOS NGO ter Cy Ol Utell y 00 pine, bog CO. 

POUNG i Gry Ol elcqyerit iO eo, aN Ge ous 
4-(2-Aminobenzyl)-1 ,3-diphenyl-2-pyrazolin-5-one (321b) 

was isolated as colorless crystals (0.78 g, m.p. Tse ac) when a 

solution of 1.0 g of (319b) in dioxane (100 ml) was hydrogenated over 


platinum oxide. 


Reductions of 4-(5-chloro-2-nitr obenzyl) -3-methyl-1-phenyl-2-pyrazo- 
lin-5-one (319c). 

Method A: Reduction with sodium borohydride and palladium-charcoal 
in sodium hydroxide solution. 


A solution of the title compound (2.0 g) in 10% aqueous 
hydroxide (40 ml) was reduced according to the general procedure 
(p. 245). The filtrate was acidified with dilute acetic acid to give a 
white precipitate which crystallized from ethanol as a colorless solid 
CES eg ea or WE Weal Tnesi.t. andm. mer. spectra were identical 
with those of 4-(2-amino-5-chlorobenzyl) -3-methyl-1-phenyl-2- 
pyrazolin-5-one (32lc). When this compound was dissolved in aqueous 


sodium hydroxide, and the alkaline solution acidified with dilute... 


hydrochloric acid, 4-(2-amino-5-chlorobenzyl) -3 -methyl-1-phenyl-2- 
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pyrazolin-5-one (32lc) hydrochloride precipitated quantitatively as a 

pale-yellow solid, m.p. 229-30°, 

I.r. spectrum(nujol): 1900-3250, broad with low intensity maxima at 
2075, 2635 and 3090 cm’. 

Anal. Galcd. for C1 7H} 7C1,N30: Cy aoe fs 4507 oN leo oe 

Pound? Goo. bor ert 75. 0s 7 Neel ce 

Method B: Reduction with zinc and ammonium chloride. 

The title compound (1.0 g) was reduced as described for 
the reduction of (319a) (Method C). After removal of the excess zinc 
and zinc oxide, the solution was evaporated. Crystallization of the 
dried residue from ethanol gave a white crystalline solid (0.4 g), m.p. 
153-4°, This was identified as spiro[ (5-chloroindoline) -2 ,4'-(3'- 
methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (346a). 

I.r. spectrum (nujol): 1710 (C=O); 3365 (N—H) cm”, 

Nim.r. spectrum (CDCl,): 62.04 (3H Js... CH); 3,33 (2H, doublet of 
doublets, J=16 Hz, CH,); 4,0 (1H, br. s, exchanged with DO, 
N-H); 6.4-8.1 (8H, m, aromatic protons). 

Mass spectrum: See Fig. 22. 

Anal, Galcd.. for C) 7H, 4ClN 20: G,.65.49; H.-4.53: IN; 13.487 

Mounds.) G.265.-06:) oH, teo7 = WN 13 2. 

Concentration of the mother liquor remaining after the 
removal of the above product yielded a second crystalline powder 
(Oc). Ge tt. Ds 144-5° the i.r. spectrum of which was found to be 


identical with that of spiro[ (5-chloro-1-hydroxyindoline)-2 ,4'-(3'- 


methyl-1'-phenyl-1H-pyrazolin-5'-one)] (347). 
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Reactions of 4-(2-Aminobenzyl) -2-pyrazolin-5-ones (S21a , b) 
(1) Reactions with dimethylsulfate 


a. To an ice-cold solution of 4-(2-aminobenzyl) -3- 
methyl-1-phenyl-2-pyrazolin-5-one (0.5 g) in 10% sodium hydroxide 
(15 ml), dimethylsulfate (0.25 g) was added dropwise with stirring. 
The mixture was heated under reflux for one hour. After cooling, 
the gummy precipitate formed was collected and washed with 10% 
sodium hydroxide then with water. Crystallization from methanol 
gave colorless needles (0.18 g), m.p. 192 a The product identified 


as 4-(2-aminobenzyl)-2 ,3-dimethyl-1 - 


I.r. spectrum (nujol): 1624 (bonded C=O); 3230 and 3375 (NH) cm 
N.m.r. spectrum (DMSO -d¢): S2p celal sss C~ CH); 2298i(3H..s, 
N--Cli. 3. B..00,(2H 4355 CH,); 5. 168(2H sibr his , exchangedrmwith 
DO, NH,); 6.3-7.6 (9H, m, aromatic protons). 
Mass spectrum: 293 (M*, 100%), 263 (61%), 56 (97%). 
Anal. Calcd. for C1 gH) 9N30: C7517 389 35 eH 643 8 pNilAj3 2% 
Mounds Giui\i3.78; H, 6.43; N, 14.12. 
b. 4-(2-Aminobenzyl)-1 ,3-diphenyl-2-pyrazolin-5-one 
(0.5 g) was treated with dimethyl sulfate in a similar manner to yield 


4-(2-aminobenzyl)-3-methyl-1 ,3-diphen razolin-5-one (324b) as 


colorless needles (0.25 g), m.p. 195 a Ae 

I.r. spectrum (nujol): 1630 (bonded C=O); 3235 and 3405 (NH>) coe 

N.m.r. spectrum (DMSO-d¢): OL AIH OEM, aSes N—CH3); 3.44 (2H, s, 
GH) ap Cer abies exchanged with D,O, NH); 6.3 -7.9 (14H, 
m, aromatic protons). 


Mass spectrum: 355 (Mt, 72%), 325 (40%), 118 (100%). 


Accurate mass measurements: 325.1337, Cy2H)7N 0 requires 
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325.1341, 118-0658, CgHgN requires PS .065 7%. 

Anal, Calcd. for C,3H2)N30: CTT U2 wer os ON Gl eee 

Found) G17 7 P40 we Hee 79. 7a) NG el Ze 
(2) Reactions with acetic anhydride 

a. <A solution of 4-(2-aminobenzyl) 3-methyl-1-phenyl-2- 

pyrazolin-5-one (0.5 g) in acetic anhydride (5.0 ml) was heated under 
reflux for one hour. The cooled solution was poured into 5% aqueous 
sodium hydroxide and stirred until homogeneous; then the alkaline 
solution was extracted with ether. This was dried (Na ,SOq) and 
evaporated to give a yellow solid residue which crystallized from 

ethanol into white crystals (0.4 g), m.p. 208-9° identified as 4-(2- 

acetylaminobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5-one (332a). 

I.r. spectrum (nujol): 1660 (C=O); 2500-3300 br. with maximum at 
3180 (OH and NH) cm”). 

N.m.r. spectrum (DMSO -d¢): §2.14 (3H, s, CH3); 2.20 (Shits: CH3); 
Beet l yy Steyetl) tO at (9H, m, aromatic protons); 9.2 Geet, 
br. s, exchanged with D2O, NH). 

Mass spectrum: See Fig. 2. 

Raale (calcd. tor C1 9Hy9N302: CHT Tt O91 e790. INS Loe ORs 

Eound-)3C. (0lGts. tis >) Gls. Ne) oe bee 
b. When the above reaction was repeated and the mixture 
heated under reflux for three hours, a colorless crystalline product 

(0.43 g), m.p. 113-4° was obtained from ethanol. This was 5-acetyl- 

ior espectrul (nujol): 1790 (ester G=OV 1730 and 1685 (diacetyl C=O); 
1600 (C=N) cm™! 

N.m.r. spectrum (DMSO-d¢): So O2e(Srieese Gils) ,) a. 1 (3H, s, CH 3); 


PIG, $5. aiacety! protons); 3.48 (2h 47s; CH); (ise torehn tsha ls tee eli 
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aromatic protons). 
Mass spectrum: See Fig. 3. 
Anal. Calcd. for C43H53N30,: G68) oer He 52684. Ns. 10 sr. 
Hounds, Cy 168203", He Sees Ne Ole. 

This compound was insoluble in aqueous sodium hydroxide, 
but on stirring for several hours in 5% sodium hydroxide solution it 
dissolved. The solution was filtered and acidified with acetic acid to 
give a white precipitate which crystallized from ethanol, m.p. 208-10. 
The i.r. spectrum of this product was identical with that of the mono- 
acetyl derivative (332a). 

c. Similarly, heating 4-(2-aminobenzyl)-1 ,3-diphenyl-2- 
pyrazolin-5-one (0.5 g) in acetic anhydride (5.0 ml) for one hour 
yielded 4-(2-acetylaminobenzyl)-1 ,3-diphenyl-2-pyrazolin-5-one (332b) 
as white crystals (0.41 g) m.p. PiOe ale (ethanol). 

I.r. spectrum (nujol): 1662 (C=O); 2100-3260 br. (NH and OH) Saw 
N.m.r. spectrum (DMSO-d¢): S2cly (SHes ae, CH,); 3.84 (2H, s, CH,); 
6.8-8.0 (15H, m, aromatic protons); 9.33 (1H, br. s, exchanged 
with DO, NEL)s 
Anal. Calcd. for C544H, N30): Cen G4c le gone eet Gg b0n.7 08 
joundea (Ge vor fees ign beooky Nee ho ao: 

d. Atriacetyl derivative, 5-acetyloxy-4-(2-diacetyl- 
aminobenzyl)-1 ,3-diphenylpyrazole (326b) was isolated as white crystals 
(Ot 4eg) ime p- 110-11° (from ethanol) when the above reaction was 
repeated and heating with acetic anhydride was prolonged for four hours. 
I.r. spectrum (nujol): 1793 (ester C=O); 1718 and 1705 (diacetyl C=O); 

1595 (C=N) cm™?. 


Nem, r. spectrum (DMSO -d¢): §2.02 (6H, s, diacetylprotons); 2.2 
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(3H, 3, OCOCH,); 3.75 (2H, s, CH,); 7.05-7.7 (14H, m, 
aromatic protons). 
Anal. Galed. for CogHo5N,04: CET 19 ore 3559: N48. 98: 
Found) Cy 720 135s S2lo No 3050 
Hydrolysis of this compound with 5% aqueous sodium 
hydroxide readily gave the monoacetyl derivative (332b). 


(3) Reaction with benzoyl chloride 


To an ice-cold solution of 4-(2-aminobenzyl)-3-methyl-1- 


phenyl-2-pyrazolin-5-one (0.5 g) in dilute sodium hydroxide (10 ml) 
was added benzoyl chloride (0.75 ml) with vigorous stirring. After 


one hour, more benzoyl chloride (0.5 ml) was added and stirring 


continued at room temperature for a further 30 minutes. The reaction 


mixture was extracted with ether then the ethereal extract was washed 


successively with 10% hydrochloric acid, 10% sodium carbonate and 


water. Concentration of the dried ethereal solution gave white shiny 
erystals (0.51 g); m.p- 137-8° identified as 4-(2-benzoylamino) -5- 


benzoyloxy -3-methyl-1-phenylpyrazole (325). 

I.r. spectrum (nujol): 1760 (OCOPh) ; 1645 (NHCOPh); 1600 (C=N), 
SGN tiene 

Nim-er. spectrum (CDCl3): S2nl2itsH p46, CH); CICA WAROe acto CH,); 
8.0 (-H, br. s, exchanged with D,O, NH); 668-7.9 (19H, m, 
aromatic protons). 

Mass spectrum: 487 (M*, 4%), 382 (3%), 366 (9%), 365 (30%), 105 
(100%). 

Anal. Calcd. for C,,;H,5N303: Coovors. Hysol wa Nae Oser. 


Mound: CG, 76.435 (H, 2.33; -N 3 8..00, 
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(4) Attempted preparation of 5-acetyloxy -4-(2-aminobenzyl) -1-phenyl- 
pyrazoles (335a, b). 

a. A solution of 3-methyl 4-(2-nitrobenzyl)-1-phenyl-2- 
pyrazolin-5-one (1.0 g) in acetic anhydride (10 ml) was heated under 
reflux for one hour. After cooling, the reaction mixture was poured 
into ice-cold 5% sodium hydroxide solution (100 ml). Stirring pre- 
cipitated a pale-yellow solid (1.05 g) which crystallized from ethanol 
yielding 5-acetyloxy-3-methyl-4-(2-nitrobenzyl)-1-phenylpyrazole 
(334a) as white crystals, m.p. 85-6°, 

I.r. spectrum (nujol): 1781 (C=O); 1600 (C=N) cm-?. 
N.m.r. spectrum (CDC1,): G22 lilo se C—CH,); Ze Oop oboe, 
(CO—-CH3); 4.05 (2H, s, CH>); 7.2-8.1 (9H, m, aromatic protons). 


Analwj@alcd. itor .G O4: Gr, 64.594... 054. 88s Nis 395- 


ee 
Hound) | Ga 04.7 it Hy Sel ose pel toe 
b. Acetylation of 1 ,3-diphenyl-4-(2-nitrobenzyl) -2- 
pyrazolin-5-one (1.0 g) using the above method yielded 5-acetyloxy-1 so= 
diphenyl-4-(2-nitrobenzyl)pyrazole (334b) (1.01 g) as a pale-yellow 
crystalline powder, m.p. T1e20 (ethanol). 
I.r. spectrum (nujol): 1790 (C=O); 1597 (C=N) gots 
N.m.r. spectrum (CDC1,): RAO S A 0G) eC 1e(®) CH,); 4.28 (2H, s, CH»); 
7.2-8.1 (14H, m, aromatic protons). 
Mass spectrum: 413 (M+, 12%), 371 (51%), 354 (14%) , 353 (18%). 
Anal. Calcd. for C24Hj9N304: CG, 69.70. H, 4.04; .N 10.10. 
Found: C, 69.90; H, 5.06; N, 10.41. 
c. 5-Acetyloxy-2-methyl-4-(2-nitrobenzyl) -1-phenyl- 
pyrazole (0.5 g) inethanol (20 ml) was hydrogenated over platinum 


oxide at room temperature and atmospheric pressure. When the 
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calculated amount of hydrogen was taken up, the catalyst was filtered 
and the solvent evaporated to yield a yellow oil. Trituration of this 
oil with methanol gave a pale-yellow solid (0.15 g). This was 
crystallized as pale-yellow crystals, m.p. 2D Sestak from the same 
solvent and was found (i.r., mixed m.p.) to be identical to the 
previously identified 4-(2-acetylaminobenzyl) -3-methyl-1-phenyl-2- 
pyrazolin-5-one (332a). 

d. The above product (332a) was also obtained when a 
solution of 5-acetyloxy-2-methyl-4-(2-nitrobenzyl)-1-phenylpyrazole 
(0.5 g) in dioxane (20 ml) was reduced with sodium borohydride and 
palladium-charcoal. The general procedure outlined on p. 245 was 
followed. After acidification of the filtered reaction mixture with 
acetic acid, it was extracted with ether. The ethereal extract was 
washed with 10% sodium carbonate, dried (Na,SO,) , and then evaporated. 
Crystallization of the resulting semi-solid from ethanol yielded a pale- 
yellow solid (0.12 g), m.p. 206-7° identified (i.r., mixed m.p.) as 
the 4-(2-acetylaminobenzyl)pyrazolone (332a). 

e. Hydrogenation of 5-acetyloxy-1 ,3-diphenyl-4-(2- 
nitrobenzyl)pyrazole (0.5 g) over platinum oxide as described above 
gave a white crystalline compound (0.21 g), m.p. 216 298 (ethanol). 
Comparison of its i.r. andn.m.r. spectra with those of an authentic 
sample indicated that it was 4-(2-acetylaminobenzyl)-1 ,3-diphenyl-2 - 


pyrazolin-5-one (332b). 


Reactions of spiro (1-hydroxyindoline)-2 ,4'-(1'-phenyl-1H-pyrazolin- 
5'-ones) 
(1) Reduction: 


Method A: (i) A solution of spiro[{(1-hydroxyindoline) -2 ,4'-(3'- 
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methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (338, 0.5 g) in ethanol (70 

ml) was hydrogenated over platinum oxide with hydrogen at atmospheric 
pressure and room temperature. After the theoretical amount of 
hydrogen was absorbed, the catalyst was removed by filtration and the 
filtrate was concentrated in vacuo, then cooled, and a white crystal- 
line product (0.43 g) separated. This was recrystallized from ethanol 
giving spiro[ (indoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'- 
one) } (339) as white crystals, m.p. 29630 4 

(ii) Spirol (1-hydroxyindoline)-2 ,4'-(1' ,3'-diphenyl-1H- 
pyrazolin-5'-one) ] (342, 0.5 g) was hydrogenated in a similar manner 
to yield the corresponding indoline (343) as a pale-yellow solid (0.38 g) 
Mmepe 192-4. 

(iii) Similarly, spiro[ (5-chloro-1-hydroxyindoline) -2 ,4'- 
(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (347, 0.35 g) was reduced 
by catalytic hydrogenation over platinum oxide giving the previously 
identified spiro[ (5-chloroindoline)-2 ,4'-(3'-methyl-1'-phenyl-1H- 
pyrazoline-5'-one) } (346a) as colorless crystals (0.21 g), m.p. Toes 22 
Method B: (i) To a heated solution of the spiro(N-hydroxyindoline) - 
pyrazolone (338, 0.5 g) in 30 ml ethanol was added 1.0 g of reduced 
iron followed by a solution of ferrous ammonium sulfate (0.3 g) in 
water (25 ml) and the mixture was heated, under reflux, for ten hours 
then filtered. The filtrate was evaporated to dryness and the residue 
was dissolved in hot ethanol and refiltered. Cooling of this filtrate 
yielded the spiro(indoline)pyrazolone (339) as white crystals (0.44 g), 
Wey yogeoen 

(ii) Reduction of spiro[ (1-hydroxyindoline) -2 ,4'-(1' ,3'- 


diphenyl-1H-pyrazolin-5'-one) ] (0.4 g) as described above yielded 
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pale yellow crystals (0.29 g) m.p. 192-4° which was identified ii, a=) 
as spiro[(indoline) -2 ,4'-(1' ,3! -diphenyl-1H-pyrazolin-5'-one)] (343). 
Method C: Ammonium chloride (0.1 g) in water (5 ml) was added to 
a stirred solution of spiro (1-hydroxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one) (0.5 g) in 60% ethanol (25 ml). Zinc 
powder (0.5 g) was added in small portions and the mixture was refluxed 
for an hour. After removal of the excess zinc and zinc oxide, the 
solution was concentrated in vacuo and extracted with chloroform (50 
ml). Evaporation of the dried (CaCl) chloroform gave a white solid 
(0.41 g) which crystallized from ethanol as colorless crystals, m.p. 
127-9° identified (i.r.) as the spiro(indoline)pyrazolone (339). 

(2) Oxidation: 

A) Air was bubbled into a solution of the spiro(N-hydroxy- 
indoline)pyrazolone (338, 0.3 g) in 60% ethanol (15 ml) at room 
temperature for two hours. After being allowed to stand overnight, 
the solution was evaporated and starting material was recovered. 
Similar results were obtained when the reaction was repeated in tetra- 
hydrofuran. 

B) Air was bubbled for three hours through a solution of 
the spiro(1-hydroxyindoline) pyrazolone (338, 0.3 g) in aqueous (60%) 
ethanol (25 ml) containing ammonia (1 ml) and copper sulfate (5 mg). 
Water (50 ml) was added and the dark-brown precipitate which formed 
was extracted into chloroform (20 ml). The dried (CaCl,) chloroform 
solution was concentrated in vacuo and the residue was crystallized 
from aqueous ethanol as a dark-brown solid (0.18 eyyem #p. i2le4ge 
No satisfactory analysis could be obtained for this product, but its 


mass spectrum had a strong molecular ion at m/e 291 (C, 7H, 3N303). 
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This compound was tentatively identified as spiro[(2H-indolenine 1- 

oxide)-2 ,4'-(3'-methyl-1'-phenyl-2'-pyrazolin-5'-one)]. 

ber. spectrum (nujal): 1728 (G=Q) ne , no NH or OH absorption. 

N.m.r. spectrum (CDC1,): Sa. 07 (3H, -s, CH,); 6. 7e See (10M mM; 
aromatic protons). 

(3) Attempted dehydration: 

a) Concentrated sulfuric acid (0.5 ml) was added drop- 
wise to a suspension of spiro[ (1-hydroxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one)] (0.5 g) in methanol (15 ml). The mix- 
ture was heated under reflux for two hours, then left overnight at room 
temperature. The solution was made alkaline with dilute sodium 
hydroxide then reacidified with glacial acetic acid and extracted with 
chloroform. The dried (MgSO,) chloroform solution was evaporated 
to dryness to give a dark-brown oil. When triturated with methanol, 
this oil gave a dark-yellow solid which was crystallized from the same 
solvent into brown crystals (0.29 g), m.p. ied ere 
Tene cenit naiol eee LOSS ee Os 0 SINE coreOh\ cera 
Nomat,. Gspectrum (CDC1,): S202 (3iIcas,, CH,); 3. 89.(3b ,. 8, OCH); 

6.8-7.7(6 or 7H, m, aromatic protons); 9.4 (1H, br. s, exchang- 
ed with D,O, NH, or OH?) . 
Mass spectrum: 189 (Mt, 100%), 174 (92%), 146 (39%), 131 (9%), 
119 (16%), 43 (16%). 
Anal, Found (Avernags): a1Ge 68 976: JH a5e31s4 NerS. 208 
This compound was not identified. 
b) When the above reaction was repeated at Oat gave 


a dark-green oil which solidified when triturated with methanol. This 


was crystallized from ethanol as white crystals (ORS 2) ners 15en- 
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identified as spiro[ (5-methoxyindoline) -2 ,4'-(3'-methyl-1'-phenyl-1H- 
pyrazolin-5'-one) ] (346b). 
Ir. spectrum (nujol): P7l0° (C—O); °3310*(N—H) on 3 


N.m.r. spectrum (CDC1,): 6on05 (SH47s,'°C -CH 3S AL(3H. 6, 


3)3 
O-CH,); 3.33 (2H, doublet of doublets, J=16.5 Hz, CH,); 4.28 
(1H, br. s, exchanged with D,O, NH); 6.5-8.4 (8H, m, aromatic 
protons). 

Mass spectrum: See Fig. 22. 

Anal. Calcd. for Cj gH) 7N30>: Ge tUcsa: (tt, F256. Ny Lo .Ol. 

Found: Ce7072i; FH, 5.492 N, 15.70, 

c) Spiro[ (1-hydroxyindoline) -2 ,4'-(3'-methyl-1'-phenyl- 
1H-pyrazolin-5'-one)] (0.5 g) was dissolved in an ice-cold mixture of 
dioxane (8 ml) and water (7 ml). Concentrated sulfuric acid (0.5 ml) 
was added dropwise and the reaction mixture was allowed to stand at 
room temperature for 12 hours. Dilute sodium hydroxide (10 ml) was 
added, and the solution was reacidified with glacial acetic acid and 
extracted with chloroform. Evaporation of the dried chloroform 
extract yielded a pale-brown solid which crystallized from aqueous 
ethanol into an off-white solid (0.19 g), m.p. M7e1G Recrystal- 
lization of this alkali-soluble product from ethanol did not raise its 
melting point. This compound was identified as spiro[ (5-hydroxy- 
indoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one)] (346c). 

I.r. spectrum (nujol): 3100-3500 br. (NH and OH); 1709 (C=O) Ae 

N.m.r. spectrum (DMSO-d): Hy AR A MT vl CH3); 3. 292(2H {Dine S4 
CH>); 4,7(1H, br. s, exchanged with D,O, NH);—-L(1H.,-br. 8, 


exchanged with D,O , OH); 6.7-8.3 (8H, m, aromatic protons). 


Mass spectrum: 293 (Mt, 19%), 265 (26%). 
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This compound analyzed indifferently for C)7H,5N,0,. 
Anal. Calcd. for C1 7H,,5N30): G469.6)5, Hy. be ko, 


Found:, G, 70709;4 1. 538 

(4) Reactions with nucleophiles: 
a. Reaction with hydrogen chloride 

A stream of hydrogen chloride was passed through a 
solution of spiro[ (1-hydroxyindoline) -2 ,4'-(3'-methyl-1'-phenyl-1H- 
pyrazolin-5'-one) ] (0.5 g) in tetrahydrofuran (10 ml) for 30 seconds 
at Oa The solution was left standing at O° for 12 hours then evaporated 
in vacuo to dryness. The resulting black semi-solid was chromato- 
graphed on a silica gel column using petroleum ether (30 -60ex, 100 ml) 
then benzene (100 ml) as solvent. Evaporation of the benzene eluate 
gave a dark-yellow solid which crystallized from ethanol yielding 
spiro[ (5-chloroindoline) -2 ,4'-(3'-methyl-1'-phenyl- 1H-pyrazolin-5'- 
one ] (346a) as white crystals (0.26 g), m.p. [eceaa 
b. Reaction with acetic acid 

A solution of the spiro(1-hydroxyindoline)pyrazolone (338, 
0.5 g) in glacial acetic acid (10 ml) was heated under reflux for one 
hour. The resulting red solution was added to cold water (100 ml) and 
the buff precipitate formed was extracted with ether. The ethereal 
extract was washed with a saturated solution of sodium bicarbonate 
then with water and dried (Na,SO4). Evaporation of this extract 
yielded a pale-yellow solid (0.38 g) which crystallized from ethanol 
into off-white crystals, m.p. 120-1. . This. was spiro[ (5-acetyloxy- 
I.r. spectrum (nujol): 1712 (lactam C=O); 1744 (ester C=O); 3380 


(NH) cm"!, 
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N.m.r. spectrum (CDCl3): 62.06 (3H, s, C-CH3); Beco toH, Sis 
OCOCH,); 3.36 (2H, doublet of doublets, J=-15 Hz, CH»); 4.5 
(1H, br. s, exchanged with D,O, NH); 6.5-8.5 (8H, m, aromatic 
protons). 

Mass spectrum: See Fig. 22. 

Anal. Calcd. for CygH,7N303: C, 68.05% Ha 5.11; N),12.53. 


Round ue (nO he ie bl on laps Gate 


(5) Acylation and sulfonation reactions: 
a. Reactions with acetic anhydride 
(i) A solution of spiro[ (1 -hydroxyindoline) -2 ,4'-(3'- 
methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (0.6 g) in acetic anhydride 
(10 ml) was heated under reflux for one hour. The cooled solution 
was poured into ice-cold 5% aqueous sodium hydroxide and stirred 
until homogeneous. The precipitate was collected and crystallized 
from ethanol to yield a pale-yellow solid (0.27 g), m.p. 306-8° 
(compound A). 
Ir. spectrum (nujol): 1625 and 1640 (C=O); 3410 (NH) em. 
N.m.r. spectrum (DMSO-d/): &§2.63 (3H, s, CH); 4,0-5.1 (1H; 
br. s, exchanged with D2O, NH); 7.2-8.3 ( 9H, m, aromatic 
protons). 
Mass spectrum: See Fig. 4. 
Anal. Calcd. for C, 7H) 3N30: C, 74.24; H, 4.76; N, 15.28. 
Found: C, 74.49; H, 4.57; N, 14.98. 
The mother liquor remaining after the removal of the 
above product was evaporated. The resulting reddish solid. was 
crystallized twice from benzene/petroleum ether (40-60°) yielding 


spiro[(1,5-diacetoxyindoline)-2 ,4' -(3'-methyl-1'-phenyl-1H- 
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pyrazolin-5'-one)] (363) as off-white crystals (0.13 g), m.p. 13729 

I.r. spectrum (nujol): 1667 (cyclic amide C=O); 1715 (lactam C=O); 
1760 (ester C=O) cm7!. no NH or OH absorption. 

N.m.r. spectrum (DMSO -d¢): SCO eo eeegetieneris); 2.35 (3H, 15, 
OCOCH3); 2.50 (3H, s, NCOCH,); 


7.0-8.3 (8H, m, aromatic protons). 


4a (cee br. S$ CH,); 


Mass spectrum: 377 (Mt, 30%), 335 (31%), 293 (100%), 276 (19%), 
275 (53%), 274 (34%), 265 (21%). 
Anal. Calcd. for C5);H,9N304: C, 66.83; H, 5.07; N, 11.13. 
Found: *'G 766s 7127 HH; 5. 127 Nt, oI". 25. 

(ii) The above reaction was repeated in a mixture of 
acetic anhydride (5.0 ml) and acetic acid (5.0 ml). When the reaction 
mixture was allowed to cool, a pale-yellow product (0.26 g), m.p. 
308-9° separated. Physical and chemical properties of this com- 
pound (A') were identical to those of compound (A) except that the 
i.r. spectrum of (A') had a broad absorption between 2500 and 3300 
cm7! (NH or OH) and a strong absorption at 1640 cm~! (C=O). Mixed 
m.p. of (A) AND (A') showed no depression. 

When a sample (0.2 g) of either (A) or (A') was acetylated 
with acetic anhydride, it yielded an acetylated product (0.19 g), m.p. 
153-4", 

I.r. spectrum (nujol): 1664 and 1730 (C=O) cm~!; No NH absorption. 
Mass Spectrum: 317 (Mt, 67%), 275 (100%), 274 (76%) , 43 (48%). 
Anal. Calcd. for C1 9H) 5N302: Ci, To Ss PHS ATT; FN’, 132208 
Found: ‘Gr, 7i.82: "Hy, 47/693 “Ns eo). 
(iii) Acetylation of spiro[ (1-hydroxindoline) -2 ,4'-(1' ,3'- 


diphenyl-1H-pyrazolin-5'-one) ] (0.5 g) with acetic anhydride (10 ml) 
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as described above gave a pale-yellow powder (0.48 g), m.p. 124-8". 

Attempted crystallization twice from ethanol/water failed to purify 

this compound which was identified as spiro[ (1 ,x-diacetyloxyindoline) - 

2 ,4'-(1' ,3'-diphenyl-1H-pyrazolin-5'-one) ] (364). 

I.r. spectrum (nujol): 1662 (cyclic amide C=O); 1725 (lactam C=O); 
1759 (ester C=O) cm~!; no NH or OH absorption. 

Nim.r. spectrum (DMSO-d,): 62-29. (3. Ss, OCOCH,); 2.45 (37,3, 


NCOCH 959. (2H brs, CH,); 7.0-8.3 (13H, m, aromatic 


3)3 
protons). 

Mass spectrum: 439 (M*, 16%), 397 (60%), 355 (52%), 327 (28%). 

(iv) Cold acetic anhydride (3.0 ml) was added toa 
solution of the spiro (N-hydroxyindoline)pyrazolone (338, 0.3 g) in 
cold pyridine (3.0 ml) and the mixture was kept for 24 hours at sites 
A colorless crystalline solid (0.26 g), m.p. 92235 was separated. 
This was identified as spiro[ (1-acetyloxyindoline) -2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one) ] (349). 

I.r. spectrum (nujol): 1790 (N-acetyloxy C=O); 1723 (lactam C=O) 
cm”; no NH or OH absorption. 

N.m.r. spectrum (measured directly after dissolving in cold CDCl, or 
DMSO-dg): 62.05 (3H, s, CH3); 2.14 (3H, s, CH3); 3.38 CZ, 
doublet of doublets, J=16.5 Hz, CH,); 6.5-8.2 (9H, m, aromatic 
protons). 

Mass spectrum: See Fig. 26. 


Anal. Galcd, for Ci 9H N,O 


Wer cbeck 
mound?) GicOGeo lhl yo. ones ities Cue 


Gx768205. 0H 5251s) Nie oo. 


On some occasions when the above reaction was repeated, 


the N-acetyloxy product (349) did not precipitate during the reaction. 
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When this was so, the reaction mixture was diluted with ethanol (5 ml) 
and poured with stirring into ice-cold water (100 ml). This yielded 
the spiro(N-acetoxyindoline)pyrazolone (349) as white powder (0.31 g), 
ins pe G0e2 Crystallization of this powder from ethanol (or methanol) 
resulted in the formation of an off-white crystalline solid (0.09 g), 
mp. aiiares the i.r. spectrum of which was identical with the 
previously isolated, compound (A). When the mother liquor was 
concentrated and allowed to stand, spiro[ (5-acetyloxyindoline) -2 ,4'- 
(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one) |] (346d) was deposited 

as pale-yellow solid (0.13 g), m.p. eis 

(v) Spiro[ (1-hydroxyindoline) -2 ,4' -(1' ,3'-diphenyl-1H- 
pyrazolin-5'-one) ] (0.3 g) was acetylated with acetic anhydride and 
pyridine as described above in (iv). After keeping the reaction 
mixture for 24 hours at Ome it was diluted with ethanol (3 ml) and 
poured into ice-cold water with stirring. The white powder collected 

(0.32 2); m.p- H0-1- (sintered at 65°) was identified as spiro[ (1- 

acetyloxyindoline)-2 ,4'-(1' ,3' -diphenyl-1H-pyrazolin-5'-one) lesen): 

I.r. spectrum (nujol): 1792 (N-acetoxy C=O)e ico. (lactam, C=) 
Se no NH or OH absorption. 

N.m.r. spectrum (measured directly after dissolving in cold DMSO -d¢): 
§&2.0'(3H1,:s; OCOCH,); 3.6 (2H, doublet of doublets, J=16.0 Hz, 
CH); 6.9-9.3 (14H, m, aromatic protons). 

Mass spectrum: See Fig. 26. 

Anal. Calcd. for C4 4H) 9N303: Coe Osea ea. GA Nie Oso ts 

Pound: © ©7712, 19 iae4.0o; N, 10.20% 

Heating the above compound (0.3 g) in ethanol produced a 


reddish solution. This was added, with stirring, to ice-cold water 
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(100 ml) and the brown precipitate formed was collected and dried. 

Crystallization twice from benzene/petroleum ether (40-60°) gave a 
yellow solid (0.12 g), m.p. 115-7° Which was partially identified as 
spiroL (x-acetyloxyindoline)-2 ,4'-(1' ,3'-diphenyl-1H-pyrazolin-5' - 


one) } (362). 


I.r. spectrum (nujol): 1723 (lactam C=O); 1750 (ester C=O); 3340 
(NH) cm”! r 

N.m.r. spectrum (CDC13): S2:2231( 3h sty OCOCH,); Soo (Zi. 
doublet of doublets , J=15.5 Hz, CH>); 5.7 (lH3Vvor. s, exchanged 


with D,O, NH); 6.7-8.3 (13H, m, aromatic protons). 


2 
Analy Galed. tor C24HigNszOgtt (Cy .72593; 7s ALBLS Ny 10357: 
| Found: C, 72.11; H, 4.99; N, 10.29. 
b. Reaction with acetyl chloride 

To a solution of spiro[ (1-hydroxyindoline)-2 ,4'-(3'- 
methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (0.5 g) in hot dry benzene 
(10 ml), acetyl chloride (1.0 ml) was added and the mixture heated 
under reflux for ten hours. The resulting red solution was evaporated 
to dryness, leaving a dark oil which was dissolved in hot ethanol. 
Cooling gave a small quantity (0.07 g) of a product as red needles, 
1. pe 209-10°, This compound remains unidentified. Its hydrolysis 
is described below. 

I.r. spectrum (nujol): 1688 and 1712 cm”); no NH or OH absorption. 
N.m.r. spectrum (CDCl3): 62.44 (3H, s, CH,); 2. 40:(SH ess CH); 
7.0-8.2 (8H, m, aromatic protons); 9.8(1H, d, J=8 Hz, ?). 

Mass spectrum: See Fig. 5. 


AnaleGalcd. for Cji9H,5N302: Cenosroo 1H, 4.547 °N , 12.61. 
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After the above product was collected, the filtrate was 


concentrated and from it pale-orange crystals (0.3 g), m.p. 188-9° 


separated. This was spiro[(7-chloroindoline)-2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one)] (370). 


I.r. spectrum (nujol): 1728 (C=O); 3295 (N-H) cm7!,. 
N.m.r. spectrum (CDC1,):& $2. F(SE tte CH,); 3.46 (2H, doublet of 


doublets , J=l6 Hz, CH 4.58 (1H, br. s, exchanged with DO, 


2)i 
NH); 6.55-8.1 (8H, m, aromatic protons). 

Mass spectrum: 311 (M+, 100%), 294 (9%), 283 (60%). 

Of EC, 057949" EP, “4e53stNi 13748) 
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Found! ®*CG. '65931>7H 4S66Rt N24 Sl Ts 

A sample (60 mg) of this unidentified acetate, m.p. 
209-102 described above was suspended in 10% aqueous sodium 
hydroxide (5.0 ml) and stirred for two hours. The resulting yellow 
solution was filtered, acidified with dilute hydrochloric acid and 
extracted with ether. Evaporation of the dried (Na,SO,) ethereal 
extract yielded a yellow solid (40 mg), m.p. 179-80° (ethanol). 
I.r. spectrum (nujol): 2000-3300 br. (OH); 1637 (C=O?) cm”!, 
N.m.r. spectrum (DMSO-d;): & 2158 (3H, 3} CH,); 4.0-5.2 (1H,br.s, 


exchanged with D,O, OH); 8.6 (1H, d, J=8 Hz, ?); 6.7-8.1 (8H, 


ve 
m, aromatic protons). 

Mass spectrum: 291 (M+, 72%), 205 (8%), 200 (8%), 186 (10%), 
178 (10%), 158 (59%), 130 (24%), 120 (100%). 

Anal. Calcd. for C)7H)3N302: C, 70.1 H, 4.49;  N’,’ 14. 43. 

Gy69F 737 es £51) - NG P4002. 


c. Reaction with p-chlorobenzoyl chloride 


A solution of spiro[ (1-hydroxyindoline)-2 ,4'-(3'-methyl- 
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1'-phenyl-1H-pyrazolin-5'-one) ] (0.8 g) in dry pyridine (5.0 ml) was 
cooled in an ice-bath at 0-5°, p-Chlorobenzoyl chloride (0.5 g) in 
pyridine (5.0 ml) was added dropwise with stirring. After stirring 

at the same temperature for one hour, the mixture was poured into 
ice-water to give a pale-yellow semi-solid which solidified on further 
cooling. The i.r. spectrum of this product displayed C=O absorptions 
at,1790.; 1765 and 1725 cm7!, A solution of this product in ether was 
shaken with 10% hydrochloric acid, 10% sodium carbonate, and then 
with water. The dried (Na,50,4) ethereal solution was evaporated in 


vacuo to yield awhite solid (0.51 g). This was recrystallized from 


cold ethanol into colorless crystals, m.p. 196-7° identified as spiro: 

[ (x-benzoyloxyindoline)-2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'- 

one) ] (373). 

I.r. spectrum (nujol): 3380 (N—H); 1732 (ester C=O); 1712 (lactam 
C=O) cm7!, 

N.m.r. spectrum (CDC1,): 62.15 (SH; 8; CH); 3.45 (2H doublet of 


doublets, J-=17 Hz, CH 4.47 (1H, br., exchanged with DO, 


>)3 
NH); 6.6-8.3 (12H, m, aromatic protons). 

Mass spectrum: 431 (Mt, 88%, 414 (2%), 403 (13%), 292 (29%), 139 
(100%), 111(18%). 

Anal. Calcd. for C, 4H) gC1N30,: Cancoe7 a) Hee 20 oN oad on 

Found? |) 'C#966756:5 H,. 40515 -N 7 9598" 

d. Reaction with p-toluenesulfonyl chloride 

Method A: A solution of p-toluenesulfonyl chloride (0.65 g) in 

pyridine (5 ml) was added to an ice-cold solution of 1.0 g of the spiro 


(N-hydroxyindoline)pyrazolone (338) in pyridine (5 ml). The mixture 


was stirred at 0-5° for two hours then warmed on a steam bathfor 
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15 minutes. After cooling to room temperature, it was poured into 
a cold mixture of 5 ml hydrochloric acid and 100 ml water. The 
yellow precipitate formed was collected, and dried then dissolved in 
benzene. A small amount (0.09 g) of pale-yellow crystals, m.p. 
306-8° separated. This was found (i.r. and mixed m.p.) to be the 
dehydrated compound (A) isolated earlier (p.276). The filtrate 
remaining after the removal of this product was evaporated to yield 
a yellow solid which was difficult to crystallize. This was placed 
on a silica gel column and eluted with petroleum ether (30-60°) then 
benzene (100 ml). Evaporation of the latter solution gave a pale- 
yellow residue which crystallized from ethanol and yielded the 
previously described (p. 264) spiro[ (5-chloroindoline) -2 ,4'-(3'- 
methyl-1'-phenyl-1H-pyrazolin-5'-one)] (346a) as colorless crystals 
(Ogleie) im pt 150-2°. Continued elution with chloroform (80 ml) 
gave a yellow oil which solidified when triturated with ethanol. 
Recrystallization from the same solvent gave spiroL (x-p-toluene- 
sulfonylindoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one) ] 
(374) as an off-white solid (0.14 g), m.p. 1.624%. 
I.r. spectrum (nujol): 1720 (C=O); 3350, br. (NH) ance 
N.m.r. spectrum (CDC1,): & 2.09 (3H, s, CH3); 2.45 (3H, s, CH) 
3.35 (2H, doublet of doublets, J=16.5 Hz, CH,); beOpliaebr. s, 
exchanged with:D,O NH); 6.5-8.3 (12H, m, aromatic protons). 
Mass spectrum: 447 (Mt, 37%) , 419 (6%), 292 (45%). 
Asial? Galedérior C5 4H,N 3,045: Cua64c6 1 ge 64 dl 3 ee Niii33.. 
Poundiw GC 63.9 Tholl mticdPieeN 295085 
Method B: Toa stirred, ice-cold solution of the spiro(N-hydroxy - 


indoline)pyrazolone (338, 1.0 g) in ether (120 ml) were added dropwise 
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and at equal rates solutions of p-toluene sulfonyl chloride (0.65 g) in 
chloroform (20 m1) and triethylamine (0.35 g) in ether (15 ml). After 
addition, stirring was continued for two hours then the solution was 
filtered and concentrated to give a dark-brown semi-solid which was 
difficult to crystallize. When spotted on a silica gel plate and eluted 
with benzene/chloroform (1:2), the product was found to be a mixture 
of at least five compounds. This was not investigated further. 

(6) Methylation: 

A) Excess diazomethane in ether was added toa 
stirred solution of spiro[(1-hydroxyindoline)-2 ,4'-(3'-methyl-1'- 
phenyl-1H-pyrazolin-5'-one) ] (0.8 g) in methanol (80.0 ml). After 
standing for 24 hours at room temperature, the solvent was removed 
in vacuo leaving a pale-yellow solid. Its infrared spectrum was 
identical to that of the starting material. 

B) The above reaction was repeated in the presence of 
a catalytic amount (2 ml) of boron trifluoride (14% solution in methanol) 
The resulting green solution was allowed to stand for 24 hours at 
room temperature then evaporated under reduced pressure leaving a 
green precipitate. Crystallization of this crude product from ethanol 
yielded a white crystalline solid (0.68 g), m.p. 137-8°. This’was 
found to be the previously identified (p. 274) spiro[{ (5-methoxy- 
indoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one) ] (346b). 

C) The reaction described above was repeated in dioxane 
(80.0 ml) using alcohol-free ethereal solution of diazomethane and 
boron trifluoride-ether complex (1 ml). Solvents were removed under 
reduced pressure leaving a green residue which was extracted with 


chloroform. Evaporation of the chloroform solution yielded a green 
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powder, the i.r. spectrum of which displayed a C=O absorption at 

1720 cm7! and no NH or OH absorption. When this solid was dissolved 
in ethanol, it crystallized as a dark-yellow solid (0.21 g), m.p. 308-9° 
identical to the unidentified compound (A) isolated earlier (p. 276). 

A mixed melting point of the isolated compound and compound (A) showed 
no depression, 

The filtrate left after isolation of the above product was 
concentrated to a dark semi-solid which did not crystallize. This 
was not investigated further. 

D) Methyl iodide (1.0 g) in methanol (5.0 ml) was added to 
to a solution of the spiro(N-hydroxyindoline)pyrazolone (338, 0.5 g) in 
methanol (15.0 ml) containing 0.2 g of sodium. The mixture was 
heated under reflux for three hours during which time a yellow color 
had developed. The solvent was evaporated and the residue extracted 


with ether. Evaporation of the dried (Na SO,) ethereal extract gave 


a 


a yellow solid which was crystallized from methanol and yielded spiro 


[(1-methoxyindoline) -2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one)] 


ro) 
(375) as pale-yellow crystals (0.39 g), m.p. 112-4 . 
I.r. spectrum (nujol): 1719 (C=O) any no NH or OH absorption. 


N.m,f. spectrum (ODCI2); 61.90 (3,6, © CH Soul on sae), 


3)3 
O-CH,); 3.27 (2H doublet of doublet, J=17 Hz, CH); 6.8-8.3 
(9H, m, aromatic protons). 

Mass spectrum: See Fig. 26. 

Anal, Calcd. for C, gH) 7N302: Ge (0g ot er eo eOSta Nal oon. 


Bound: «GCG, 10.4177, 8.9089 N, 15.29. 
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Preparation of 3-methyl-5-phenylpyrazolo-[ 4 ,5-c] carbostyril (350 


This compound was prepared according to the method 
reported by Vul'fson and Zhurin (1962) in 85% yield. M.p. the 
fe) fe) 
(methanol) and 275-6 (ethanol). The reported m.p. are 277-8 and 
268-9° respectively. 
Ie Vapectrurm (iujoli 1666(C=0), 20063220 (NE) ‘ein 
N.m.r. spectrum* (DMSO-d_¢): é2,617(5H = s4 CH3); CRAM Ws Koo oh eer 


NH orOH); 6.9-8.7(9H, m, aromatic protons). 


General Procedure for the Preparation of spiro[ (1 -phenyl-1H- 
pyrazolin-5-one) -4 ,3'-(2'-substituted-1' ,2' ,3' ,4'-tetrahydroquino- 
lines) ] (337). 

A hot solution of the 4-(2-aminobenzyl)-1-phenyl-2- 
pyrazolone (0.5 g) in either methanol or ethanol (15.0 ml) was mixed 
with a quantitative amount of the appropriate aldehyde. The reaction 
mixture was heated under reflux for about one hour. Upon cooling, 
many of the title compounds separated and were recrystallized from 
ethanol. In some cases, the reaction mixture was concentrated to 
about half its volume then diluted with water. The precipitate was 
washed with water, dried and recrystallized from either methanol or 
ethanol as colorless crystals. 

A similar reaction was carried out using acetone instead 
of an aldehyde. In this instance, the solvent used was either ethanol 
or butanol. Suitable reaction times were found to be 24 hours when 


ethanol was the solvent, or 4-6 hours when butanol was employed. 


en 


* The n.m.r. spectrum of compound (350) crystallized from methanol 
had an additional methyl signal at §3.5 which is attributed to the 
solvent of crystallization. 
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Molecular 
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Ci,H 
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The physical constants and elemental analyses of the 
compounds prepared by this method are compiled in Table 6. Their 
i.r. spectra displayed N-H absorption bands around 3400 and C=O 
bands around 1700 cm7!, Eachn.m.r. spectrum showed, in addition 
to the signals ascribable to the aromatic protons and the different 
substituents at C-3 of the tetrahydroquinoline ring, a 2-proton doublet 
of doublets around §3.2 with J value ~l7 Hz (CH,) , a one proton 
signal near 64,5 (-CHR) and a D-exchangeable N-H signal of variable 
chemical shift. Those of the 3-methylpyrazolone derivatives also 


contained a methyl signal around 62.0. The mass spectra of some 


of these compounds were recorded and are shown in Figs. 6 and 7. 


Condensation of 4-(2-aminobenzyl)-1-phenyl-2-pyrazoline-5-ones 


(32la, b) with formaldehyde and salicylaldehyde. 
A) A mixture of 4-(2-aminobenzyl)-3-methyl-1-phenyl- 


2-pyrazolin-5-one (0.5 g) and formaldehyde (1.0 ml of 40% formalin 
solution) in methanol (15.0 ml) was heated under reflux for two hours. 
The solvent was evaporated giving an oily residue which was difficult 
to crystallize. Thei.r. spectrum of this oil had a C=O absorption 


atrlec O07, om 7! 


and an NH or OH absorption. 

B) When 4-(2-aminobenzyl)-1 ,3-diphenyl-2-pyrazolin- 
5'-one (0.5 g) was treated similarly with formaldehyde, it yielded a 
white crystalline solid (0.26 g), m.p. O02 435 which was not identified. 
I.r. spectrum (nujol): 1710 (C=O) ersce » no NH or OH absorption. 
Anal..b.ound.( Average)? ¢hGSe Th. 2#iH piGye2 gen. S280. 

C) A solution of 4-(2-aminobenzyl)-1 ,3-diphenyl-2- 


pyrazolin-5-one (0.5 g) in hot ethanol (15.0 ml) was mixed with 
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salicylaldehyde (0.18 g). The mixture was heated under reflux for one 
hour during which time its color turned dark-yellow. When cooled, 
a dark-yellow solid separated. This was recrystallized from ethanol 
giving 1 ,3-diphenyl-4{2-(o-hydroxybenzylidene)aminobenzyl ] -2- 
pyrazolin-5-one (385) as yellow crystals (0.55 g), m.p. 199-200°. 
I-r. spectrum (nujol): 2100-3120 brae(NH and OH); 11610; 1593; 
1581; 1568 cm7), 
N.m.r. spectrum (DMSO-d¢): 63.3 (2H, doublet of doublets, J=16 Hz, 
CH,); 5.2 (1H; 2s, CH)sasbatZe(lblasbts, s, exchanged with D,O, NH); 
6.5-8.2 (18H, m, aromatic protons); 9.38(1H, br. s, exchanged 
with DjO, OR). 
Mass spectrum: See Fig. 8. 
‘Anal. Calcd, for G.-n- NO Cress SVs ese 20es ING noi oe 


20 923° Sask 
Found) C.1/77.968: 5.02, (Nios lL: 


Reactions of spiro(tetrahydroquinoline)pyrazolones (337). 
A. Acetylations: 

Each of the spiro(tetrahydr oquinoline)pyrazolones (337b, 
c,e,nando) ( 0.3 g) was acetylated by heating with excess acetic 
anhydride (5 ml) for 15 minutes. The reaction mixture was poured 
while stirring into ice-water and the resulting product was either 
collected and crystallized or extracted with ether. Ethanol was the 
crystallization solvent used for all these products. 

Table 7 contains the elemental analyses of the acetylated 
compounds and some of their physical constants. The i.r. spectra 
of all compounds contained C=O absorption bands around 1665 (cyclic 


amide) and 1710 (lactam) and were devoid of any N—H absorption. 
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| 
CH,CO 


Elemental analyses and Physical Propertiés etc. of some acetylated 


Ph 


Ph 


quinoline pyrazolones, 


a 
R roe: 
Cail, 220-1 
Ph 223-4 
OCOCH, 
205-6 
Ph 218-9 


188-9 
OCOCH, 


To 


Yield 


78 


80 


84 


91 
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Molecular 
formula 


C22ll23N302 


C26H23N30, 


253% 


C3, H25N302 


C33H27N304 


Caled, 
Found 


Caled, 
Found 


Calcd. 
Found 


Caled. 
Found 


Caled. 
Found 


spiro(tetrahydro- 
Analyses % 

Cc tl N 
TE 6.41 11.63 
72.79 6,28 - 
(6.20) w56Omw 10/72 
76.59 5.60 9.91 
TANS EI» WSR) 8.99 
U6 Else! 9.01 
78.96 5,34 8.91 
79,005 5.33 8.87 
74.84 5.14 Tos 
74.91 5.23 7.78 
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Compounds (391) and (394) contained in addition a C=O band around 


1765 (ester). Important signals in the n.m.r. spectra (inDMSO-d, or 


6 
CDCl3) of these acetyl derivatives are presented in Table 3 in the 
discussion part of this thesis. 
B. Reductions: 
Method A: Reduction with sodium borohydride in dioxane: 

(i) A solution of spiro[(3-methyl-1-phenyl-1H-pyrazolin- 
5-one)-4,3'-(2'-methyl-1' ,2' ,3' ,4'-tetrahydroquinoline) ](337a, 0.5 g) 
in dioxane (15 ml) was added dropwise to a stirred solution of sodium 
borohydride (0.5 g) in water (5 ml). After addition was completed, 
stirring was continued for thirty minutes then the reaction mixture was 
acidified with dilute acetic acid and diluted with water. Crystallization 
of the resulting precipitate from ethanol gave 4-(2-ethylaminobenzy]l) -3- 
methyl-1-phenyl-2-pyrazolin-5-one (398a) as white crystalline powder 
(0.33 g), m.p. 181-2. 
I.r. spectrum (nujol): 2100-3500, br. (OH) with maximum at 3380 (NH); 

1620 (bonded C=O?) cm™’. 


N.m.r. spectrum (CDCl,): 61.02 (3H, t, CH,); 1.91 (3H, s, CH,); 


3)3 
Sat, (2H ea, CH,); >). O(2ZHE ag CH,); 6.4-7.4 (11H, m, aromatic 
protons included 1-2 exchanged with D,O , NH and pyrazolone proton). 

Mass spectrum: See Fig. 9. 

Anal, Galed, for Ci9H,,N,0: GG. 74.243: BE. G89: NM, U5... 

F ouhdsi teCn074 1 lyukbolaGsey Nedoetet 
(ii) Spiro[(3-methyl-1-phenyl-1H-pyrazolin-5-one)-4 ,3'- 
(2'-ethyl-1' ,2' ,3' ,4'-tetrahydroquinoline) ] (337b, 0.5 g) was reduced in 


a similar manner to yield 4-(2-n-propylaminobenzyl) -3-methyl-1-phenyl- 


2-pyrazolin-5-one (398b) as white crystals (0.31 g), m.p. 149-50°. 
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I.r. spectrum (nujol): 2040-3400, br. (OH) with maximum at 3380 (NH); 
1617 (bonded C=O?) cm7!, 


Nema. (spectrum (CDC1,): $0 4731; 751(SHSPmn CH CH); BrOONST yes), 


fa 
CH,); 3.3 (ZH, s, CH,); 3.45 (2H, t, NCH,); 613-7 /O°(L0H > im, 
aromatic protons and pyrazoline proton); 9.02 (1H, br. s, exchanged 
D,0, NH). 
Mass spectrum: See Fig. 9. 
Anal. Calcd. for CoH, 3N30: C SRA SOPH 21G SNe 07? 
Found: # Gt, 7455.7; @Hee7 ; 55s -enesTZ 390+ 
(iii) Similarly, spiro (3-methyl-1-phenyl-1H-pyrazolin- 
5-one) -4 ,3'-(2'-phenyl-1' ,2' ,3' ,4'-tetrahydroquinoline) ] (337c, 0.5 g) 
was reduced as described above giving 4-(2-benzylaminobenzy]) -3- 


methyl-1-phenyl-2-pyrazolin-5-one (398c) as white crystals (0.39 g), 


m.p. 155-6°. 
I.r. spectrum (nujol): 2000-3360, br. with maximum at 3305 (N—-H), 
1612 (bonded C=O?) ere 


N.m.r. spectrum (CDC1,): 61.88 (3H, s, CH 333) (ZH, 53 CH,); 


3)3 
4,32 5 2 Bh, CH,); 6.4-7.8 (16 H, m, aromatic protons included 
two exchanged with D,0 » NH and pyrazolone ring proton). 

Mass spectrum: See Fig. 9. 

Arial, “Galed.ticr C,H, 3N,0: CLOT 7149988 Hi. 622 78 NGAI TS3 7. 

Pound: = iG17725657 Ho«o7523* NA710298. 
(iv) The spiro(tetrahydroquinoline)pyrazolone (337e, 

0.5 g) was reduced as described above yielding a white crystalline 

product!(0%35-g)} im p. 180-1° identified as 4-[ 2-(o-hydroxybenzyl) - 

aminobenzyl] -3-methyl-1-phenyl-2-pyrazolin-5-one (398d). 


I.r. spectrum (nujol): 2100-3300, br. (OH) with maximum at 3290 (NH); 
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1408 (bonded: GsO?\ecms!: 

Ni tn in spectrum (DMSO-d_): $2rqhsUStl Se CH,); Bie 2 Flam Sls CH,); 
4.2334(2ZH sesh; CH,); 6.4-8.0 ( H, m, aromatic proton included 
one exchanged with D,O » pyrazolone proton); 9.4 (1H, br. , OH). 

Anal., Calcd. for C,4H N,O Cul 14 Goer. 168 Olcott 0 29 04 


cask ay da 
Mounds aCawi5203; 1Hsc6na3; N, 11.17. 


Method B: Reduction with lithium aluminum hydride in ether. 

(i) A solution of the spiro(tetrahydroquinoline)pyrazolone 
(337a, 0.75 g) in ether (50 ml) was slowly added, with stirring, toa 
mixture of lithium aluminum hydride (0.15 g) and ether (20 ml). After 
refluxing for ten hours, water was added dropwise to the cooled reaction 
mixture until the evolution of hydrogen ceased. The solution was made 
alkaline by the addition of 30% aqueous sodium hydroxide (~20 ml) then 
the mixture was extracted with ether. Evaporation of the dry (Na,SO4) 
ether extract gave a white powder which crystallized from ethanol as a 
white solid (0.14 g), m.p. 178-9°. This compound is tentatively 
identified as spiro[ (3-methyl-1-phenyl-1H-pyrazoline) -4 ,3'-(2'-methyl- 


1' ,2',3' ,4'-tetrahydroquinoline) ] (399a). 
-l 
I.r. spectrum (nujol): 3470; 3390; 1595 cm 


Mass spectrum: 291 (M*, 2%), 263 (97%), 248 (10%), 171 (100%). 


Anal. Calcd. for C N Gy i Seble Hen iee peel one. 


poet Ne: 
Foundiet GmahlaOusteoduenOss AN yeh3. 91. 

The basic solution was neutralized with 30% sulfuric 
acid then extracted with ether. From the ethereal extract, 4-(2-ethyl- 
aminobenzyl)-3-methyl-1-phenyl-2-pyrazolin-5-one (398a) was 
separated as off-white crystals (0.29 g), m.p. LSileae eo, Comparison 


of the infrared spectrum of this compound with that of an authentic 
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sample prepared earlier (p. 291) proved identity. 

(ii) The spiro(tetrahydroquinoline)pyrazolone (337b, 
0.8 g) was reduced similarly yielding from the basic solution, a barig 
product (0.12 g) as a pale-yellow solid, m.p. 170-1°. This is tentat- 
ively identified as spiro[ (3-methyl-1-phenyl-1H-pyrazoline) -4 ,3' - 
I.r. spectrum (nujol): 3405; 3290 br.; 1600 cm”!, 
Mass spectrum: 305(M*, 25%), 303 (9%), 276 (13%), 274 (34%), 263 

(43%) , 171 (65%), 118 (100%). 
Anal. Calcd. for Cy9H23N3: C, T1805 ailn 755954 Nelo lb. 
Found#;5Ge) 78240; Hi47¢6 Wet Niad3).51; 

Neutralization of the basic solution with 30% sulfuric 
acid then extraction with ether yielded the 4-(2-n-propylaminobenzyl) - 
pyrazolone (398b) which crystallized from ethanol as pale-orange 
needles (0.2 g), m.p. 147-8°. The infrared spectrum of this product 
was identical with that of an authentic sample of (398b) prepared 
earlier (p.291). 

(iii) The spiro(tetrahydroquinoline)pyrazolone (337c, 
1.0 g) was reduced with lithium aluminum hydride (0.1 g) in ether as 
described in preparation (i). When the basic solution was extracted 
with ether and the dried (Na,SO,) ether extract evaporated, a white 
powder was obtained. Fractional crystallization of this powder from 
ethanol, yielded two compounds, The infrared spectrum of the more 
soluble compound (0.21 g) was identical with that of the starting 
material. The other compound (0.09 g) was recrystallized from the 
same solvent giving white solid, m.p. 205-6° which is tentatively 


identified as spiro[ (3-methyl-1-phenyl-1H-pyrazoline) -4 ,3'-(2'-phenyl- 
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1! ,2' ,3' ,4'-tetrahydroquinoline (399 cy: 

[7r. spectrum (nuyolj:*  63502"3S290 + bree 5 97 cm, 

Mass spectrum: 353 (Mt, 7%), 351 (100%), 350 (29%), 336 (8%), 274 
(272%)'; 1932036 %)% 

AcCuraAveampassameasurements;: 35371688, CoH .N. requires 353).1892; 


(ee Yo i, 


Seo Us, C44H,1N3 requires 351.1736. 


Anal’ Caled’ for C54H Ns: 6G ,* 814577 HH ACE56iON 34119697 


23 
Found? ©C)°e15 06 "+H FO 991? (N58 123034 
The basic solution was neutralized with 30% sulfuric 
acid then extracted with ether. Evaporation of the ethereal extract 
yielded off-white crystals (0.32g), m.p. 154-5° (ethanol). The infra- 
red spectrum of this compound indicated that it was the previously 
identified (p. 292 ) 4-(2-benzylaminobenzyl)pyrazolone (398c). 
Method C: Reduction with lithium aluminum hydride in tetrahydrofuran, 
A solution of the spiro(tetrahydroquinoline)pyrazolone 
(337a, 0.75 g) in freshly distilled, dry tetrahydrofuran (30 ml) was 
added dropwise to a stirred solution of lithium aluminum hydride (0.15 
g) in tetrahydrofuran (10 ml). The mixture was refluxed for ten hours 
then the solvent was removed by distillation and replaced with fresh 
ether (30 ml). Water was added dropwise until the evolution of 
hydrogen ceased. Aqueous sodium hydroxide (30%, ~10 ml) was added 
then the alkaline solution was extracted with ether. The ether solution 
was dried and evaporated to yield a white solid which was crystallized 
from ethanol giving white crystals (0.29 g), m.p. 179-80° identified , 
by infrared comparison, as the previously identified spiro-pyrazoline 
(399a). 


Neutralization of the aqueous basic solution with dilute 
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hydrochloric acid followed by extraction with ether , gave a small amount 
(45 mg) of the previously identified 4-(2-ethylaminobenzyl)pyrazolone 
(398a). 
Method D: Reduction by lithium aluminum hydride and aluminum 
chloride in ether 

A method similar to that described by Nystrom and 
Berger (1958) was followed. A solution of granular aluminum chloride 
(0.67 g) in ether (20 ml) was added rapidly to a stirred solution of 
lithium aluminum hydride (0.19 g) in ether (20 ml). Five minutes 
later, a solution containing the spiro(tetrahydroquinoline)pyrazolone 
(337c, 1.8 g), and granular aluminum chloride (0.67 g) in ether (40 ml) 
was added dropwise and the mixture was refluxed for four hours. Water 
was added dropwise until the evolution of hydrogen ceased then the 
reaction mixture was made alkaline with 30% sodium hydroxide and 
extracted with ether. Sulfuric acid (30%) was added to the aqueous 
solution until it became neutral then acidic and the solution was extract- 
ed with ether each time. During acidification a solid separated out 
between the aqueous and organic layers. This was collected and 
crystallized from ethanol yielding an off-white crystalline powder 
(:let3xe))..4 eps is5eon The i.r. spectrum of this product was identical 
with that of 4(2-benzylaminobenzyl) -3-methyl-1-phenyl-2-pyrazolin-5- 
one (398c) prepared earlier (p.292). Evaporation of the ether extracts 
of the alkaline, neutral and acidic aqueous solutions yielded small 
amounts (total 0.12 g) of the same product, m.p. 155-6°. A compari- 
son of i.r. spectra indicated identity with the compound (398c) described 


immediately above. 
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Reactions of 1 ,3-diphenyl-4-[ 2-(o-hydroxybenzylidene)aminobenzyl J 
2-pyrazolin-5-one (385) 
opie empica Reduction: 

A solution of the title compound (0.5 g) in dioxane (15 ml) 
was added dropwise to a stirred solution of sodium borohydride (0.5 g) 
in water (5 ml). Stirring was continued for thirty minutes after the 
addition was completed then the solution was acidified with acetic acid 
and diluted with water. The resulting white precipitate (0.33 g) did 
not crystallize. 

B. Methylation: 

To an ice-cooled solution of the title compound (0.5 g) 
in dilute sodium hydroxide (15 ml), dimethylsufate (1.0 ml) was added 
dropwise with stirring then the mixture was heated on a water bath for 
one hour. The resulting oily residue was extracted with chloroform. 
This extract was washed with dilute sodium hydroxide then with water 
and dried. Evaporation of the organic solvent yielded an off-white 
solid (0.45 g), m.p. 128-32° which could not be purified by fractional 
crystallization from various solvents but which contains appreciable 
amounts of 1 ,3-diphenyl-4[2-(o-methoxybenzylidene) aminobenzyl ] -2- 
methyl-3-pyrazolin-5-one (387). 

I.r. spectrum (nujol): 1660 (C=O) See 

N.m.r. spectrum (CDCl3): 62.98 (3H, s, N-CH3); 3.37 (2Zhiges, CH,); 
5.67 (3h. 8 5 OCH3); 6.4-7.9 (~18H, m, aromatic protons). 

Mass spectrum: 473 (M*, 4%), 472 (9%), 458 (8%), 383 (80%), 118 
(100%). 

C. Acetylation: 


The title compound (0.3 g) was heated under reflux with 
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acetic anhydride (5 ml) for 15 minutes then the reaction mixture was 


poured into ice-water (30 ml). The resulting precipitate was crystal- 


lized from ethanol yielding spiro{ [ 1 ,3-diphenyl-1H-pyrazolin-5-one] - 
4 ,3'-acetyl-2'-(o-acetoxyphenyl)-1' ,2' ,3' ,4' -tetr ahydr oquinoline }} 


(392) as colorless needles (0.22 g), m.p. 2A02b 

es spectrum (nujol): 1764 (ester C=O); 1720 (lactam C=O); 1666 
(amido C=O) cm~!, 

Nt. spectrum (DMSO -d,): $l.93 GH Ss; OCOCH,); 2224713, a5 
NCOCH,); 3.26 (2H, doublet of doublets, J=15 Hz, CH,); 6.3- 
8.3 (14H, m, Cy H and aromatic protons). 

Anal. Calcd. for C33H,.N O,4: Gr ae O4e seo ol SNe 
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II, REDUCTIONS OF 4-(2-NITROPHENY LTHIO)-2-PYRAZOLINE- 


5-ONES 


Preparation of 4-(2-nitrophenylthio) -2 -pyrazolin-5-ones(400) 
Bis -(2-nitrophenyl)disulfide | 


This compound was prepared from o-chloronitrobenzene 
(31.5 g), sodium sulfide (36 g) and sulfur (4.8 g) according to the 
method reported by Bogart and Stull (1928). The product was crystal- 
lized from ethanol as yellow crystals (20 g), m.p. 193-5., Reported 
(Bogart and Stull, 1928) m.p. 192-5>, 
2-Nitrobenzenesulfenyl chloride (404) 

Was prepared following the procedure described by 
Hubacher (1935). Dry chlorine gas was bubbled through a warmed 
suspension of bis-(2-nitrophenyl)disulfide (15.4 g) and iodine (50 mg) 
in carbon tetrachloride (60 ml) for one totwo hours. When the reaction 
mixture was cooled, it yielded the title compound as a yellow solid which 
was recrystallized from carbon tetrachloride as yellow needles (14.8 g), 
m.p. 73-4° as reported (Hubacher, 1935). 

3 -Methyl-4-(2-nitrophenylthio) -1-phenyl-2-pyrazolin-5-one (400a) 

This compound was prepared according to the method 
described by Coutts et al (1966). <A solution of 2-nitrobenzenesulfenyl 
chloride (6.0 g) in acetonitrile (40 ml) was added to a suspension of 
3-methyl-1-phenyl-2-pyrazolin-5-one (6.0 g) in the same solvent 
(40 ml) and the mixture was stirred under reflux for four hours. When 
cooled, the title compound was separated as yellow crystals (9.2 g), 

m /p. 207-9" (decomp.) from ethanol. Reported (Coutts et al, 1966) 
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I.r. spectrum (nujol): 3040-3730, br. with a maximum at 3420 (OH), 
1513 and 1332 (NO,) cm"!. 

N.m.r. spectrum (DMSO-d_): 6251743 5.8%, CH,); 7 21<8.15:(9H.0m ; 
aromatic protons); IWeOedZ.5' (1H, Be. s, OH). 


4-(2-Nitrophenylthio) -1 ,3-diphenyl-2-pyrazolin-5-one (400b 


Was obtained as dark yellow solid (2.9 g, m.p. 183-4°, 
decomp.) from 2-nitrobenzesulfenyl chloride (1.61 g) and 1 ,3-diphenyl- 
2-pyrazolin-5-one (2.0 g) using the same method as that described above 
for the preparation of (400a). Reported (Coutts et al, 1966) m.p. H8223° 
(decomp.). 

I.r. spectrum (nujol): 2100-3150, br. with maximum at 3080 (OH); 


1530 and 1337 (NO,) ain a 


Reductions of 3-methyl-4-(2-nitr ophenylthio) -1-phenyl-2-pyrazolin-5- 
one (400a) 


Method A: Reduction with sodium borohydride and palladium-charcoal 


in sodium hydroxide solution 


Following the general procedure outlined on p. 245, a 
solution of the title compound (2.0 g) in 10% aqueous sodium hydroxide 
(50 ml) was reduced with sodium horohydride and palladium -charcoal. 
The reaction mixture was filtered and the filtrate was acidified, over 
ice, with dilute acetic acid yielding a copious cream colored precipitate 
Cla ag) gn le Dis 140-6" (poroduct E). This product was purified by 
dissolving it in dilute sodium hydroxide, filtering and acidifying the 
filtrate with dilute acetic acid. 

I.r. spectrum (nujol): 2200-3300, br. (OH); 3300-3400, br. (NH). 


N.m.r. spectrum (DMSO -d/): $2.09 (3H, br.s, CH,); oe Wk = IE GR I 
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m, aromatic protons which included 2 exchanged with DO). 


A 
Mass spectrum: 297(M*+, 11%), 295 ( 29%), 267 (6%), 93 (100%). 
Anal. Calcd. for C1 6H, 5N302: N, 14.13. 

Pound: l'Ny4l3 486% 

When this compound (1.8 g) was dissolved in ethanol and 
filtered, a pale-yellow granular solid (0.61 g), m.p. ey he precipit - 
ated duringthe filtration. This product (F) was soluble in aqueous 
sodium hydroxide solution but insoluble in ethanol, methanol, ether, 
benzene or chloroform. Acidification of the sodium hydroxide solution 
of (F) with acetic acid gave the ethanol-soluble product (E). The 
equivalent weight of (F) was determined (by dissolving an accurately 
weighed quantity in a known excess of 0.1N sodium hydroxide and 
back titration with 0.1N hydrochloric acid using methyl orange as 
indicator) and was found to be 148. 

I.r. spectrum (nujol): 2100-3300, br. with weak maxima at 2600, 2660 
and 3070 (OH and SH); 3370 (NH); 1626 (bonded C=O?) cm}, 

N.m.r. spectrum (DMSO-d,): 62-105:4( 311 fisa, CH,); 653:-820)(b2H:, m5 
aromatic protons which included 2 or 3 protons exchanged with D,O, 
NH, SH and pyrazolone proton). 

Mass spectrum: See Fig. 10. 

Accurate mass measurements: 297.0919, Ci6hy 5N,0S requires 
29 7%. O9Db1 279% 0823 C1 6H,3N35 requires 279.0830; 264.1138 
C16H)4N30 requires 264.1136. 

Anal. Calcd. for C) gH 5N308: G 164-62; wHie5 .08; Neattide: 

Found:e .G)°645,78;0H jo209 130 Ny 114039. 


Both products (E) and (F) were identified as 4-(2-mer- 


captophenylamino) -3 -methyl-1-phenyl-2-pyrazolin-5-one (406). 


noon) €8 , (60) Tas , (wes ) ees ‘ations en ‘M 

eet 2g OgMyjMy 9 tod -botsd sek 

2088, He these, jot q alterna 8) ; 

ban lonsite ai bevioaeib esw (g 8.1) bauogmod elit medWery 8 Se)” 

-tigioetq ,°V-218 .q.m .(g 18.0) biloe sslunetg wolley-sisq «  bosoih y : 

evesups ai siduloe esw (%) tovborg eldT .nolte it edt gnizeb bots. 
tedio , loasdiem lonsste at eldulosnt 4ud molulbe ebixoxbyd aukbos 
aoulos ebixotbyd muiboa sft to aoltsoiitbisA .omtolo1oldo 10 enesaed 
adT (2) toubotqe siduloa-Ioderis edt evsy bison oltess dilw (H) io 
yieiatusos as grivioeeth ye) benirristeb ssw (FI) to tdgtew tnelevinps 
bas sbixotbhyd rewiboe VI.0 lo aasoxe awoml 5 nt yiltinsyp bedgiew 
as syan20 Iytteen gnien blos sixoldooxbyd Ul.0 ditw nolistiid dosd 
{BAT bd of Samo} saw baw (anteskbes 


oe 


ee 
OdAS ,O00S is sotixers Anew dtiw .xd ,OOEE-OOIS ;:(fotua) cates Be x8 | 
i 9 (9O=D babaod) 8881 (HM) OVEE :(H@ bas HO) Oroe brs, 


o\% ; 
(om HSI) 0,8-€.6 j( HO, e@ , HE) 20.8% :(,b-O2MG) muticegs .1.0 M " 


+Ocd dtiw begnsdoxns enptotg € rw § bebuylont dotdw enojot1g ohamoxe 
AD 
.(noto07q CAO EAT bas He , HM 
tT 
-Ol .giT 292 mutiooqa 2esM 


Te © 


eetivpst 20,4 A, Ho. C180.7°S -aitnemervasom wires sis 1H99A 
"2 O88 


BELLE. AOS ;OE8O. PTS aatiopes & eMe Hy po £880, ers 11800. es 
ip gots | 
-OE11,. 805 eortky oe O,u 2 
: aia _ 
-ES Bi 4 730.4 PD yj :Sd.ha re | OO eM say? ot .bolsD lecA 7 
wee T+ eteumll <7 
-C&.b1 .A ;1@.% .H BT. nigh :brvo'l 
2baihepuded oa | “ 


~3900-$)-b es beltisnsbi orew m bas @ eiouborg dto@ ie a 


| . 


CCompound erroneously identified by Pound (1970) ]. 

When the mother liquor remaining after the removal of 
the above product (406 ) was concentrated and allowed to stand, pale- 
yellow needles (0.23 g), m.p. 153-4° separated. This was spiro- 
Cbenzothiazoline-2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one)] 
(403). Reported (Pound, 1970) m.p. 154-6°, 

I.r. spectrum (nujol): 3275 (N-H); 1705 (C=O) cm7!, 


Nem sre egspectrum (CDCl3): G2522 (344s (CH 459G(1H, br. 8, 


3)3 
exchanged with DO, NH); 6.5-8.2 (9H, m, aromatic protons). 
Mass spectrum: See Fig. 23. 
Accurate mass measurements: See Table 5. 
Anal, Caled. for C}4H,)3N30S: C, 65.06; H, 4.44; N, 14.23. 
Found: “G, 654237, 424,18. NN 14716. 
Method B: Reduction with sodium borohydride and palladium -charcoal 
in dioxane 
The 4-(2-nitrophenylthio)pyrazolone (400a, 2.0 g) in 
dioxane (80 ml) was reduced according to the general procedure (p. 245). 
Acidification of the yellow filtrate over ice with glacial acetic acid 
then dilution with ice-water (300 ml) yielded a pale-brown precipitate 
(1.5 g). When this precipitate was dissolved in ethanol, a small 
amount (0.15 g) of pale-brown precipitate, m.p. 208-11° was formed. 
The i.r. spectrum of this product was identical to that of the thiol (406) 
described above. On cooling, the filtrate deposited a dark-yellow 
crystalline product (0.42 g), m.p. sais which was identified (i.r. 
n.m.r. and mixed m.p.) as the spiro(benzothiazoline)pyrazolone (403). 


Method C: Reduction with iron and ferrous ammonium sulfate 
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To a heated solution of the 4-(2-nitrophenylthio)pyrazolone 
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(400a, 3.0 g) in ethanol (100 ml) was added 6.0 g of reduced iron 

followed by a solution of ferrous ammonium sulfate (1.8 g) in water 

(75 ml). Themixture was heated under reflux for two hours then 

filtered. The filtrate was evaporated to dryness and the dried residue 

was dissolved in hot absolute ethanol (30 ml) then refiltered. On 
cooling, 4-(2-aminophenylthio) -3 -methyl-1-phenyl-2-pyrazolin-5-one 

(416) separated as white needles (1.9 g), m.p. 183-4°, Reported m.p. 

181° (Angelini and Martani, 1955), 183-4° (Pound, 1970). 

I.r. spectrum (nujol): 2100-3350, broad with maxima at 3145 and 
3295 (OH and NH,), 1625 (bonded C=O?) cm7!, 

N.m.r. spectrum (DMSO-d,): S2221°BHVS, CH); 63 =3F0 (9 9Hsem, 
aromatic protons); 7.43 (3H, br. s, exchanged with D,O, NH, and 
pyrazolone proton). 

Mass spectrum: “See Fig. 13. 

Aral Calcd for C1 6H)5N30S: Ge 64.625 H;75.08: N, l4.13. 

Found: C, 64.91; H, 4.99; N, 13.80. 


Method D: Reduction with zinc and ammonium chloride 
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(i) To a hot solution of the 4-(2-nitrophenylthio)pyrazolone 


(400a, 1.0 g) in 60% aqueous ethanol (100 ml) was added 0.2 g of 
ammonium chloride in water (10 ml). Zinc dust (1.0 g) was added and 
the mixture was refluxed for three hours under nitrogen. The reaction 
mixture was filtered and the solvent was evaporated in vacuo. The 
dried residue was dissolved in hot ethanol and refiltered. The filtrate 
immediately precipitated a yellow powder (0.09 g), m.p. 212-14 which 
was identified (i.r.) as the previously described (p. 301) thiol (406). 
After this product was collected, the mother liquor slowly deposited the 


spiro(benzothiazoline)pyrazolone (403) as dark-yellow needles (0.46 g), 
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Meh. 153 40 sitchin. spectrum was identical with that of an authentic 
sample prepared earlier. 

(ii) When the above reduction was repeated in a mixture 
of tetrahydrofuran (50 ml) and water (30 ml), it yielded a small amount 
(0.04 g) of yellow powder, m.p. 210-2° identified as the thiol (406). 

On standing , the mother liquor deposited a second product (0.29 g), m.p. 
152-3° which was found (i.r.) to be the spiro(benzothiazoline)pyrazolone 
(403). 

(iii) Reaction (i) was repeated except that the mixture 
was stirred at room temperature for ten hours instead of heating 
under reflux. The filtered reaction mixture was evaporated in vacuo 
yielding a yellow residue which when crystallized from ethanol gave 
spiro[ benzothiazoline-2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5'-one)] 
(403) as golden-yellow needles (0.62 g), m.p. 153-4°, 

Method E: Catalytic hydrogenation 

(i) The title compound (1.0 g) in ethanol (250 ml) was 
hydrogenated at room temperature and atmospheric pressure in the 
presence of platinum oxide (~20 mg). Hydrogen was absorbed slowly 
and more catalyst (~10 mg) had to be added and the reaction mixture was 
heated to 45°. After the uptake of hydrogen ceased, the catalyst and 
the yellow precipitate formed during the reaction were removed by 
filtration. This precipitate was dissolved in 10% sodium hydroxide, 
filtered and the filtrate acidified with dilute hydrochloric acid yielding 
a yellow powder (0.11 g) m.p. 205-10 identified (i.r.) as the thiol 
(406). Concentration of the filtered reaction mixture yielded another 
quantity (0.03 g), m.p. 207-10 of the thiol (406). On standing, the 


mother liquor remaining after the removal of this product slowly 
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deposited a pale-yellow solid (0.14 g), m.p. 151 -2° which was found 
(tef2 and mixed'imep-) to be ene spiro(benzothiazoline)pyrazolone (403). 
(ii) The above reaction was repeated using ''Parr'"' 
hydrogenation apparatus with initial pressure 49 p.s.i.. A small 
amount (0.07 g), of yellow solid was formed during the reduction; 
this was collected and identified (i.r.) as the 4-(2-mercaptophenyl- 
amino)pyrazolone (406). Evaporation of the filtered reaction mixture 
yielded a yellow residue which displayed absorption bands at 1700, 
3300, 3270 and 3240 in its i.r. spectrum. This residue was partially 
soluble in dilute sodium hydroxide solution. The soluble portion, on 
acidification with acetic acid, yielded a small amount of white solid 
(0.09 g), m.p. 182-4° which was shown (i.r., mixed m.p.) to be the 
4-(2-aminophenylthio)pyrazolone (416). The insoluble portion was 
crystallized from ethanol to yellow needles (0.23 g), m.p. 150-2. 


identified as the spiro(benzothiazoline)pyrazolone (403). 


Reductions of 1 ,3-diphenyl-4-(2-nitrophenylthio) -2 -pyrazolin-5-one 
(400b) 
Method A: Reduction with sodium borohydride and palladium -charcoal 


in sodium hydroxide solution 


Using the general procedure outlined on p. 245, a solution 
of the title compound (2.0 g) in 10% aqueous sodium hydroxide (50 ml) 
was reduced with catalyzed (10% Pd-C) sodium borohydride. Acidifi- 
cation of the filtrate with dilute acetic acid yielded a flocculent yellow 
solid. This crystallized from ethanol as a yellow solid (0.52 atta Ds 
211-12° which is identified as 1 ,3-diphenyl-4-(2-mercaptophenylamino)- 


Oo 
2-pyrazolin-5-one (417). Reported (Pound, 1970), m.p. 181-4 
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(Compound erroneously identified by this author). 

I.r. spectrum (nujol): 2300-3400, br. with maxima at 3060 (OH and 
SH); 3360 (NH); 1627 (bonded C=O?) ne ee 

Mass spectrum: See Fig. 14. 


Accurate mass measurements: 359.1090, C_,H _N_OS requires 


21 17 3 
359.1090; 341.0984, C,,H,,N30S requires 341.0987. 
Bnais, Calcd. .C 3H N,OS*4 C4410. Cir Hi, 4oul@ice  l o09 - 


ZISORTY *3 
Found: © ,.703.033 4H.,.4.803.Ni.l2.14, 
This compound was sparingly soluble in ethanol. When 
a dilute alcoholic solution was concentrated then cooled, dark-yellow 
neediés» map. 185-6 separated. This was spiro[ benzothiazoline- 
2 ,4'-(1' ,3'-diphenyl-1H-pyrazolin-5'-one) }] (418). Reported (Pound, 
1970) m.p. 183-4. 
Pee ec tn tas (enol pen 3 Tos Nee SMC Ono ae 
N.m.r. spectrum (CDC1,): 65.0 (11, brss,,.NH); 6.5.3.5 (14H. m, 
aromatic protons). 
Mass spectrum: See Fig. 23. 
Accurate mass measurements: See Table 5. 
AnaleeGaicd. tor C,,H, .N,08: Ge Tmo Tria os IN ert tO, 
Found: | Gy 0.51. He 4.285 Ns bho: 
Method B: Reduction with iron and ferrous ammonium sulfate 
A solution of ferrous ammonium sulfate (0.6 g) in water 
(25 ml) was added to a suspension of the 4-(2-nitrophenylthio)pyrazolone 
(400b, 0.1 g) and iron (2.0 g) in ethanol (80 ml). The mixture was 


heated under reflux for two hours, filtered, and evaporated to dryness 


leaving a black semi-solid which could not be crystallized. 
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a ee ee eee eee ee 

(i) Ammonium chloride (0.2 g) in water (10 ml) was 
added to a solution of title compound (1.0 g) in 60% aqueous ethanol 
(70 ml). To this, zinc dust (1.0 g) was added and the mixture was 
stirred under nitrogen for ten hours at room temperature then filtered. 
The filtrate was evaporated in vacuo, dissolved in hot ethanol and 
refiltered. Cooling yielded golden-yellow needles (0.6 g), m.p. 185-6" 
identified (i.r. and mixed m.p. with authentic sample) as the spiro- 
(benzothiazoline)pyrazoline (418) described above (p.306). 

(ii) The above reaction was repeated and the mixture 
was refluxed under nitrogen for two hours then filtered. Evaporation 
of the filtrate under vacuum yielded a yellow solid, the i.r. spectrum 
of which had a broad absorption between 2100 and 3400 and showed no 
carbonyl absorption around 1700 cm7} . However, when this product 
was dissolved in ethanol and left to crystallize it gave dark-yellow 
needles, m.p. 185-6° which was shown to be the spiro(benzothiazoline)- 


pyrazolone (418). 


Reduction of spiro[ benzothiazoline-2 ,4'-(3'-methyl-1'-phenyl-1H- 
pyrazolin-5'-on@ ] (403) 

A solution of the title compound (1.0 g) in a mixture of 
dioxane (15 ml) and 10% aqueous sodium hydroxide (15 ml) was reduced 
with sodium borohydride and palladium -charcoal following the gener al 
procedure (p. 245). The filtered reaction mixture was acidified over 
ice with dilute acetic acid and then diluted with water (50 ml). The 
pale-yellow precipitate was collected and dissolved in ethanol. On 


standing a yellow precipitate (0.13 g), m.p. 207-11° was formed. This 
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was identified (is r.) asthe 4-(2-mercaptophenylamino)pyrazolone (406). 
Concentration of the mother liquor remaining after the removal of the 
above compound yielded yellow crystals (0.36 g), m.p. 151 > Dn they inti 


spectrum of which was identical with the title compound. 


Reactions of 4-(2-mercaptophenylamino) -3-methyl-1-phenyl-2 - 
pyrazolin-5-one (406). 
(1) Air Oxidation: 

A sample (0.3 g) of the title compound was suspended in 
ethanol (15 ml) and left exposed to the atmosphere at room temperature 
for 48 hours. During this time, it entered solution; the yellow solution 
became dark-brown then dark-yellow needles (0.18 g), m.p. isseae 
slowly separated. This product was found (i.r., n.m.r. and mixed 
m.p.) to be the spiro(benzothiazoline)pyrazolone (403). 

(2) Methylation: 

a. Ethereal diazomethane was added, in excess, toa 
stirred, ice-cooled suspension of the title compound (1.0 g) in ether 
(30 ml). After about two hours, solubilization of products was 
complete but the solution was allowed to stand for a further ten hours 
at room temperature, then the rose-red solution was evaporated under 
vacuum leaving a reddish oily residue, which crystallized from methanol 
to yellow needles (0.58 g), m.p. 150-1°. Its infrared andn.m.r. 
spectra were identical to those of the previously identified spiro[ benzo- 
thiazoline-2 ,4'-(3'-methyl-1'-phenyl-1H-pyrazolin-5' -one)] (403). 

b. Dimethyl sulfate (1.0 ml) was added dropwise with 
stirring to an ice-cold solution of the 4-(2-mercaptophenylamino) - 
pyrazolone (406, 1.0 g) in 10% sodium hydroxide, After stirring for 


two hours, the resulting gummy residue was extracted with chloroform 
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and the chloroform solution was washed with 10% sodium hydroxide then 


with water. Evaporation of the dried (CaCl,) extract gave a brown solid 


which crystallized from ethanol yielding 2 ,3-dimethyl-4-(2-methylthio- 


phenylamino)-1-phenyl-2-pyrazolin-5-one (408) as pale-brown needles 
(OFZ 789), ay, Popenre 


ion. spectrum (nujol); 3335 (NH) 3° 1670 (G=0) cm7!, 

N.m.r. spectrum:(CDCl3): §2.14 (3H, s,C CH3); 2.39 (SH 5 67,.0 CH3); 
5.03: (36Hs 64.N CH,); 6.12 (1H, br. s, exchanged with D,0, NH); 
6.4-7.6 (9H, m, aromatic protons). 

Mass spectrum: See Fig. 11. 

Accurate mass measurements: 325.1240, Ci gH) 9N305 requires 
325.1249; 278.1287, C,7H)¢N30 requires 278.1293. 

Anal. Calcd. for C1 gH) 9N30S: Ce 66.40; 11, 0.05, IN, léc9an 

Found: ©, 60.83;" H, 6.16; IN, 12.06. 
(3) Benzoylation: 
was carried out according to the method described by 

Pound (1970). Benzoyl chloride (2.0 ml) was added dropwise, with 

stirring to an ice-cold solution of the title compound (1.0 g) in 10% 

sodium hydroxide (40 ml). Stirring was continued at room temperature 

for one hour then the resulting semi-solid was extracted with chloro- 
form. Evaporation of the dried (CaCl,) extract left a dark-yellow 
semi-solid which was difficult to crystallize. This was placed ona 

silica gel column and eluted with benzene/chloroform (1:2) yielding a 

fraction which, on evaporation, gave a brown solid (0.61 g). This was 

crystallized twice from benzene/ petroleum ether (40-60°) and gave 4- 


[N-benzoyl-N -(benzoylthiophenyl)amino ]-5-benzoyloxy-3-methyl-1- 
phenylpyrazole (414) as pale-brown solid, m.p. 104-7°. Reported 
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(Pound, 1970) m.p. 102-4° (Compound erroneously identified by this 

author). 

I.r. spectrum (nujol): 1758 and 1679 (C=O) A 

Mass)ispectrum:,) SeeiPig,| 12. 

Accurate mass measurements: 609.1724, C37H>7N3045 requires 

609.da723. 

Anal. Calcd. for C37H77N304S: C, 72.89; H, 4.46; N, 6.89. 
Found: . Gy. %2.. 6g, 115.4% 51 > Need 29. 

(4) Acetylation: 

a. A suspension of the 4-(2-mercaptophenylamino) 
pyrazolone (406, 0.5 g) in acetic anhydride (5 ml) was heated under 
reflux for fifteen minutes. The resulting red solution was poured, 
with stirring, into ice-cold 5% sodium hydroxide solution (30 ml) 
giving a brown precipitate. This was extracted with chlor oform and 
the chloroform extract was washed with 10% sodium carbonate then 
with water and dried (CaCl). Evaporation of this extract yielded a 
brown oil which crystallized from ethanol into dark-yellow crystals 
(O10 eo). mp. PSO the i.r. of which was identical with the spiro 
(benzothiazoline)pyrazolone (403). 

b. Acetyl chloride (2.0 ml) was added to a suspension 
of the 4-(2-mercaptophenylamino)pyrazolone (406, 0.5 g) in benzene 
(15 ml) and the mixture was refluxed for one hour then evaporated 
under vacuum. Crystallization of the dark-red semi-solid yielded the 
spiro(benzothiazoline)pyrazolone (403) as dark-yellow needles (0.22 g), 
iWep'. 1Ba24\ 5 

c. The 4-(2-mercaptophenylamino)pyrazolone (406, 0.5 g) 


was added to a cold mixture of pyridine (5.0 ml) and acetic anhydride 
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(5.0 ml) and stirred for fifteen minutes. The resulting solution was 
added with stirring to ice-cold water (40 ml) giving a yellow precipitate 
(0.46 g), m.p. 104-10° identified as 5-acetyloxy -3-methyl-4-(2-acetyl- 
thiophenylamino)-1-phenylpyrazole (415). This compound was insoluble 


in dilute sodium hydroxide solution. 
I.r. spectrum (nujol): 3368 (N-H); 1788 (OCOCH,); 1720 (SCOCH3) em | 
N.m.r. spectrum (CDCl3): 62.15 (3H, s, CH,); Cucicn SE atsat Chis); 
2.44 (3H, s, CH,); 6.2)(1Hs sors Bn dN) sted: 5-8, 21 (OFL, m4 .arontatic 
protons). 
Mass spectrum: 381 (M+, 3%), 339 (17%), 321 (3%), 297 (20%), 295 
(64%) , 279 (30%), 267 (75%), 135 (100%). 
Anal. ¢Gaicd. tior C59H)9N303S: G., 10:2 5-0.7 | a Py, 15 S020. 
FoundjunGs, 084552 Hears. 
Attempts to crystallize the above compound from ethanol 
yielded, after about 24 hours standing, a yellow crystalline solid m.p. 
152-4° which was found (i.r.) to be the spiro(benzothiazoline)pyrazolone 


(403). 


General procedure for the preparation of spiro[ (3-substituted-3 ,4- 
dihydro-2H-1 ,4-benzothiazine)-2 ,4'-(3'-methyl-1' -phenyl-1H-pyrazolin- 


5'-ones) ] (419) 

Equimolar quantities of 4-(2-aminophenylthio) -3-methyl 
1 -phenyl-2-pyrazoline-5-one (416) and the appropriate aldehyde were 
heated, under reflux, in ethanol for one to two hours. The reaction of 
(416) and acetone was carried out in n-butanol and heating was prolonged 


to 24 hours. Most products crystallized from the reaction solvent on 


cooling. 
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Table 8 collects the physical constants and elemental 
analyses of the compounds prepared by this method. The i.r. spectra 
of all these compounds displayed N—H absorption bands around 3400 and 


C=O bands around 1700 cm7!, Their n.m.r. spectra (in DMSO-d;) 


a B 


had signals ascribable to the pyrazolone C-3 methyl group (around §2.0), 


the aromatic protons and the different substitutents at C-3 of the dihydro- 


benzothiazine ring. In addition, each spectrum (except that of the 3 ,3-di- 


: | 
methyl derivative 419n) contained a one proton signal near 64.8 (—CHR) 


and adeuterium-exchangeable N—-H signal of variable chemical shift. 
Both the pyrazolone C-3 methyl group and the hydrogen at C-3 of the 
dihydrobenzothiazine ring appeared as two signals Apraenicy. by from 

3 Hz (419e, R'=p-hydroxyphenyl) to 14 Hz (419b, R'=CH,CH3). This 
separation was absent in compounds 419c, R'=COCH, and (419n, R=R'= 


CH The mass spectra of some of these compound were recorded 


3) 
(see Fig. 15 and 16 and Table 4). 

Attempts to separate the positional isomers of compound 
4191 (R=H, R'=o-nitrophenyl) by fractional crystallization failed. 
Acetylation of two spir o(dihydrobenzothiazine)pyrazolones: 

The spiro(dihydrobenzothiazine)pyrazolones , 419h (R=H, 
R'=2 ,5-dimethoxyphenyl) and 419e (R=H, R'=p-hydroxyphenyl) were 
acetylated by heating with acetic anhydride for 15 minutes. Compound 
419h produced a monoacetyl derivative, m.p. 2.14 5 ON 
I.r. spectrum (nujol): 1665 (amide C=O); 1708 (lactam C=O) cree 


Nit. ©. spectrum (CDCl,): $1.0: (3HGs, C-GH Boe NOY, Bs 


3)3 


COCH,); 3.38 (3H, s, OCH,); 3.70 (3H, s, OCH3); 6.67-8.2((13H, 


rhs: C,—H and aromatic protons). 
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Table 8: 


Compound 


Ph 
| 
N 


cil, 
R'‘ 
H 
(419) 
Elemental analyses and physical properties ...etc. of the vpiro(dihydrobenzothiazoline) - 


pyrazolones (4/9a-n). 


R R' m.p. *; Molecular Analyses % 
°C Yield formula Calcd. 
c H N c 
H CH, 149-50 76 CygH,N,OS 66.84 5.29 12.99 66.63 
H C2H, 118-20 88 Cy, gN3OS 67.61 5.68 12.45 67.32 
H cOcH, 144-5 77 Cy gH, 4N3025 64-93 4.87 11.95 64.67 
H Ph 157-8 90 C,H) 9N,OS 71.66 4.97 10.90 72.02 
H < /ye 225-7 65 Gy,HygN,O,5 68.80 4.77 10.46 - 68.75 
H \ i OCH, 137-8 66 Cag, ,NjO25 9-37 5.09 10.11 69.0 
OH 172-3 63 CagH,N3035 66.81 4.91 9.74 66.82 
129230 900% Cp gHoy 050350! 67.395 S20 902-43 67.38 
CH3 
H OCH; 185-6 BO CheHagNjO35  67.39° Sh20 9.43" 8 Test 
OCH; 
H <_ /rcoon' -5 84 CogltygN3038 67-10 4.46 9.80 67.31 
H wy ci 150-1 T2n ¢ GogtlgCINgOS 65-85 4.32 10.01 65.86 
ON 
H a 187 gzt Ehos fy gsyossonneaa triste? 1 1520le) Séstt 
fe) 
H , 139-40 65 Ga Hynes |e telT 4.56 11.21 66.84 
14% 3 
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Found: G, 68298 H4 51169;5NN ,<9. 03% 
Compound 419e gave a diacetylated product, m.p. 183-4° 
I.r. spectrum (nujol): 1768 (ester C=O); 1710 (lactam C=O); 1674 and 
1660, doublet (amide G=O).cm7. 


N.m.r. spectrum (DMSO-d CO0,96: (3b .o6. C—CH,); 2.14 (3H, 5, 


6)? 
OCOCH3); 2.22 (38. N-COCH,); 6. 6th 7s, Chjse7.0-872 
(13H, m, aromatic protons). 


Anal. Galcd, tor C,7H N,04S: aro] vay Ao ren Sc Pay ar oy Ps ok oe Ie 


22 
Found: C, 66.88; H, 4.72; N, 8.30. 


Condensation of 4-(2-aminophenylthio) -3-methyl-1-phenyl-2-pyrazolin- 
5-one (416) with formaldehyde, salicylaldehyde and 2 ,4-dihydroxybenz- 


aldehyde. 


A. Formaldehyde (1.0 ml of 45% solution in water) was 
added to a hot solution of the title compound (0.5 g) in methanol (5 m1) 
and the mixture was refluxed for one hour. Evaporation of the solvent 
gave a colorless oil which would not crystallize. 

I.r. spectrum (thin film): 1710 (C=O) cm7!; no NH or OH absorption. 

B. A mixture of the title compound (1.0 g) and salicyl- 


aldehyde (0.41 g) in ethanol (30 ml) was heatedunder feflux for one 
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hour during which time a yellow precipitate was formed. Crystallization 


of this precipitate from ethanol yielded a yellow solid (1.15 ge); Mep. 


fe) 

232-3 identified as 4-[ 2-(o-hydroxybenzylidene)aminophenylthio ]-3- 
methyl-1-phenyl-2-pyrazolin-5-one (425a). 

I.r. spectrum (nujol): 2000-3300, broad (OH); 1612 (C=N) em). 


N.m.r. spectrum (DMSO-d¢): S222 (9F5.8) CH); 5.4 (1H, s, CH); 
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6.3-8.0 (13H, m, aromatic protons and pyrazolone proton); 8.82 
(1H, br. s, exchanged with DO, OH); 9.84 (1H, br. s, exchanged 
with D,O, OH). 

rails Caled: tor Clo CNL Ole: 6 Gl belli 6b, 4559; N, 40207. 


PAC pi 9 es Paste 
Found: C, 66.47; H, 4.12; N, 9.66. 
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Il.  1-H¥DROXY -2-PHENYL-1 ,2-DIHYDROPYRIDINE_AND 


BENZOYL DERIVATIVE 


1-Hydroxy-2-phenyl-1 ,2-dihydropyridine (255) 

This compound was prepared by the interaction of 
pyridine 1-oxide (2.8 g) and phenylmagnesium bromide (7.9 g) in tetra- 
hydrofuran (15 ml) according to the method described by Kato and 
Yamanaka (1965). Crystallization from benzene yielded the title 
compound as pale-yellow needles (3.1 g), m.p. 132° as reported (Kato 
and Yamanaka, 1965). 

I.r. spectrum (nujol): 3400-2400 (N-OH) cenit ‘ 

N.m.r. spectrum (CDCl,): The N-OH proton appeared at 68.72 and 
disappeared when DO was added. 

Mass spectrum: See Fig. 24. 
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Found: 36.000 (20s0H, 6.15; N, 6.12. 


1 -Benzoyloxy-2-phenyl-1 ,2-dihydropyridine (437) 

Was prepared according to the method of Kato et al (1967) 
in 90% yield, m.p. 79-80°. Reported m.p. 78.5-79.5°. 
I.r. spectrum (nujol): 1755 (C=O) einiiss 
Mass spectrum: See Fig. 24. 
Anal, Caled. for C) gH, 5NO2: G 772963 8 45; N,-5¢05, 
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